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R REHE :Algorithm Design Automation

BERHE:

This talk addresses the challenge of designing and optimizing algorithms under strict
computational and memory constraints, with applications spanning massive MIMO systems,
wireless communication, and large-scale Al training. Beginning with a finite-horizon
optimization perspective, we review classical gradient descent, its limitations with constant
step sizes, and optimal finite-step schemes derived from Chebyshev minimax polynomials. We
then presentrecent advancesin matrix multiplication, including Al-discovered state-of-the-art
algorithms for structured products such as XXAT, achieving notable speedups and energy
savings over recursive Strassen methods in both CPU and GPU settings. The discussion extends
to assessing large language models’ (LLMs) capabilities in mathematical reasoning and novel
problem solving, highlighting cases where LLM-assisted approaches led to breakthroughs.
Finally, we introduce AlphaEvolve, a code-space search framework for automated algorithm
discovery, demonstrating its success in improving long-standing algorithmic bounds and
generating efficient CUDA kernels. The talk concludes with potential future directions,

including new algorithms for causal attention, constrained SVD, and advanced GPU kernels.
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g5 # B :Advancing Statistical Frontiers with Foundation Models

BREHE:

The advent of large-scale machine learning models, including deep neural networks and
foundation models, is fundamentally reshaping the field of statistics. In this talk, we will
examine how these powerful models can be leveraged to tackle contemporary statistical
challenges. Through illustrative examples, including conditional generative learning,
functional protein sequence generation, synthetic data augmentation, and code-free data
analysis, we will highlight both the opportunities and the challenges that large models

introduce to statistics.
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#1H :Safeguarding Neural Network-Controlled Systems via Formal Methods: From Safety-
by-Design to Runtime Assurance

= :Neural networks (NNs) exhibit remarkable potential in decision-making and control
systems. While neural networks can be trained by sophisticated Deep Reinforcement Learning (DRL)
techniques to achieve optimal system performance under various constraints, a significant concern
persists: the lack of provable safety guarantees for the trained decision-making models. The intrinsic
complexity and opacity of these models make it profoundly challenging to rigorously guarantee their
safety under various hosting environments, including the systems they control. Drawing on our
recent works (e.g., CAV'22, CAV'24, and NeurlIPS'23), we contend that formal methods are crucial for
developing neural network controllers that are not only robust but also certifiable, thereby ensuring
system safety from training through deployment. We demonstrate that integrating formal methods
into learning and decision-making processes is essential to provide a comprehensive safety

guaranteeforthe controlled systems across their entire design, training, and execution lifecycle.
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# B :Variational Characterizations of the D-Gap Function for a Variational Inequality Problem

fiZ In this talk, by virtue of a unified framework, we establish the formulas of
subderivative, Clarke directional derivative, regular subdifferential, limiting subdifferential
and Clarke subdifferential of a D-gap function for a variational inequality problem. Employing
these formulas, we study the regularity of the D-gap function. Moreover, we provide some
sufficient conditions of the KL inequality for the D-gap function. Especially, we give a sufficient
and necessary condition of the KL inequality for the D-gap function when the reference pointis
a solution of the variational inequality problem. Finally, under the KL inequality of the D-gap
functionand being due to these formulas again, we show that a derivative-free descent method

is globally convergent and has linear convergence rate.
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#H:Solving Polynomial Variational Inequality Problems via Lagrange Multiplier
Expressions and Moment-Sos Relaxations

{2 : This paper focuses on the development of numerical methods for solving variational
inequality problems (VIPs) with involved mappings and feasible sets characterized by
polynomial functions. We propose a numerical algorithm for computing solutions to
polynomial VIPs based on Lagrange multiplier expressions and the Moment-SOS hierarchy of
semidefinite relaxations. Building upon this algorithm, we also extend to finding more or even
all solutions to polynomial VIPs. This algorithm can find solutions to polynomial VIPs or
determine their nonexistence within a finite number of steps, under some general

assumptions. Moreover, it is demonstrated that if the VIP is represented by generic polynomial
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functions, a finite number of Karush-Kuhn-Tucker (KKT) points exist, and all solutions to the
polynomial VIP are KKT points. The paper establishes that in such cases, the method is
guaranteed to terminate within a finite number of iterations, with an upper bound for the
number of KKT points determined using intersection theory. Finally, even when algorithms
lack finite convergence, the paper demonstrates asymptotic convergence under specific
continuity assumptions. Numerical experiments are conducted to illustrate the efficiency of

the proposed methods.
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# H:An Inexact Variable Metric Proximal Gradient-Subgradient Algorithm for a Class of
Fractional Optimization Problems

B2 In this talk, we consider a class of fractional optimization problems, which has broad
applicability and encompasses several important optimization problems in the literature. To
address these problems, we propose an inexact variable metric proximal gradient-subgradient
algorithm (iVPGSA), which, to our knowledge, is the first inexact proximal algorithm
specifically designed for solving such type of fractional problems. By incorporating a variable
metric proximal term and allowing for inexact solutions to the subproblem under a flexible
error criterion, the proposed algorithm is highly adaptable to a broader range of problems
while achieving favorable computational efficiency. Moreover, we develop an improved
Kurdyka-Lojasiewicz (KL)-based analysis framework to prove the global convergence of the
entire sequence and characterize its convergence rate, without requiring a strict sufficient
descent property. Our results offer detailed insights into how the KL exponent and inexactness
influence the convergence rate. The proposed analysis framework also has the potential to

serve as a theoretical tool for studying the convergence rates of a wide range of inexact

algorithms beyond the iVPGSA. Finally, some numerical experiments on the £1/£2 Lasso
problem and the constrained £1/£2 sparse optimization problem are conducted to show the

superior performance of the iVPGSAin comparison to existing algorithms.
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%1 H :Exact Recovery Characterizations and Consistency Theory in Lower-Order Affine Rank
Minimization Problems

{2 :The affine rank minimization problem, aiming to recover a low-rank solution from the
linear measurements, has a wide range of applications. In this paper, we investigate the
statistical properties of the Schatten-p quasi-norm minimization problems with 0<p<1 for the
low-rank matrix recovery with affine constrains. By introducing two types of spectral regularity
conditions, we investigate the exact recovery characterizations and establish the consistency
theory of the lower-order Schatten- p quasi-norm constrained minimization and regularization

problemsinthe noise-free and noise-awareness cases, respectively.
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#H :AGlobalized Semismooth Newton Method for Prox-regular Optimization Problems

{fi= :We are concerned with a class of nonconvex and nonsmooth composite optimization
problems, comprising a twice differentiable function and a prox-regular function. We establish
a sufficient condition for the proximal mapping of a prox-regular function to be single-valued
and locally Lipschitz continuous. By virtue of this property, we propose a hybrid of proximal
gradient and semismooth Newton methods for solving these composite optimization
problems, which is a globalized semismooth Newton method. The whole sequence is shown to

converge to an £-stationary point under a Kurdyka-tojasiewicz exponent assumption. Under

24 |
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an additional error bound condition and some other mild conditions, we prove that the
sequence converges to a nonisolated £-stationary point at a superlinear convergence rate.
Numerical comparison with several existing second order methods reveal that our approach
performs comparably well in solving both the £2,(0<q<1) quasi-norm regularized problems and

the fused zero-norm regularization problems.
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# H:Point Cloud Neural Operator for Parametric PDEs on Complex and Variable
Geometries

i :Surrogate models are critical for accelerating computationally expensive simulations
in science and engineering, particularly for solving parametric partial differential equations
(PDEs). Developing practical surrogate models poses significant challenges, particularly in
handling geometrically complex and variable domains, which are often discretized as point
clouds. In this work, we systematically investigate the formulation of neural operators -- maps
between infinite-dimensional function spaces -- on point clouds to better handle complex and
variable geometries while mitigating discretization effects. We introduce the Point Cloud
Neural Operator (PCNO), designed to efficiently approximate solution maps of parametric PDEs
on such domains. We evaluate the performance of PCNO on a range of pedagogical PDE
problems, focusing on aspects such as boundary layers, adaptively meshed point clouds, and
variable domains with topological variations. Its practicality is further demonstrated through
three-dimensional applications, such as predicting pressure loads on various vehicle types and

simulating the inflation process of intricate parachute structures.
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# H :Physics-Informed Convolutional Neural Network for the Simulation and Operator

Learning of Parametric Darcy Flows in Heterogeneous Porous Media

{2 :Physics-informed neural network (PINN) methods can be grouped into strong and
weak-form methods. For PDEs with heterogeneous parameter fields, weak-form PINN is
preferred for its lower requirement on the regularity of solutions. Assisted by the finite volume
method, we have proposed the physics-informed convolutional neural network (PICNN)
method. The loss function of PICNN is based on the finite-volume discretized governing
equation where automatic differentiation is not needed. The training samples are not
collocation points but images such that convolutional neural work structures can be used for
efficient simulation and operator learning of parametric Darcy flows in heterogeneous porous

media. We will report recent progress on further developments of PICNN.
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# H :A Generative Model for Composition Engineering in Multi-Principal Element Alloys

f#ZE :Multi-principal element alloys (MPEAs), characterized by the presence of multiple
primary elements in near-equiatomic or relatively high concentrations, exhibit distinctive
mechanical properties arising from their complex compositional landscapes. This inherent
compositional complexity leads to significant challenges in elucidating their deformation and
fracture mechanisms for the efficient design. We introduce AlloyVAE, a generative machine
learning framework to directly predict MPEA residual stress from composition fields
(concentrations and short-range orders). This framework also enables the solution of inverse

design problems for strength enhancement by composition engineering.
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#H:AHigh-Dimensional Density Estimation Method and Its Application for Solving PDEs

{iE:Probability density estimation remains an open challenging problem in
computational science and engineering. By coupling the Knothe-Rosenblatt (KR)
rearrangement and the flow-based generative model, we developed an invertible transport
map, called KRnet, for high-dimensional density estimation. In this talk, we give an overview of
KRnet and discuss its adaptive version for the Fokker-Planck equations and stochastic dynamic
systems. KRnet for solving Bayesian inverse problems is also studied. This is joint work with

Yani Feng, Junjie He, Kejun Tang and Xiaoliang Wan.
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#HE :Non-Convergence Analysis of Probabilistic Direct Search

fiiZ:Direct-search methods are a major class of algorithms in derivative-free
optimization. The combination of direct search and randomization techniques leads to an
efficient offspring, namely probabilistic direct search. Its convergence analysis has been
thoroughly explored under the probabilistic descent assumption. However, a natural question
arises: how will this algorithm behave when assumptions for convergence are not met? In this
paper, we analyze the non-convergence of the algorithm when polling directions are
probabilistic ascent. Its analysis is closely related to the discussion on a random series. We
further show that our non-convergence analysis is tight. Our non-convergence theory
completes the analytical framework for the probabilistic direct search, guiding the selection of

the polling directionsin practice.
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#H :Global Understandingvia Local Extraction for Data Clustering and Visualization

i E :Retrieving latent class patterns from complex datais challenging. This talk focuses on
the principle of retrieving latent classes from local connections of raw data without any
assumptions on data structures or distributions. A framework called GULE (Global
Understanding via Local Extraction) is proposed to address this challenge from local extraction
of class consistency and global propagation of the identified consistency. We will show why the
GULE algorithm can retrieve latent classes with high accuracy, based on a series of theoretical
analyses. GULE can also serve for data visualization to preserve class topology structures.
Comprehensive testing demonstrates that GULE provides precise clustering and highly reliable
visualizations, potentially offering insights into diverse applications, including biology and

medicine.
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# H :Quasi-Monte Carlo Integration with Importance Sampling
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= :Quasi-Monte Carlo (QMC) has gained its success in many fields including uncertainty
quantification, which has the potential to improve the convergence rate of plain Monte Carlo.
However, the improvement of QMC depends on the regularity of the underlying functions and
the sampling proposals. In this work, we study the effect of importance sampling (IS) on QMC,
and propose a new boundary-damping IS to reclaim the efficiency of QMC. Under certain
conditions, the proposed IS yields a dimension-independent convergence rate, which is better
than plain Monte Carlo. Some numerical experiments confirm the effectiveness of the

proposed method.
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#1H :Using Operator Learning to Simulate the Nonequilibrium Green's Function

fiiE :Understanding the dynamics of nonequilibrium quantum many-body systems is an
important research topic. However, numerical studies of large-scale nonequilibrium
phenomena in realistic materials face serious challenges due to intrinsic high-dimensionality
of quantum many-body problems and the absence of time-invariance. The nonequilibrium
properties of many-body systems can be described by the dynamics of the correlator, or the
Green’ s function of the system, whose time evolution is given by a high-dimensional system of
integro-differential equations, known as the Kadanoff-Baym equations (KBEs). The time-
convolution termin KBEs, which needs to be recalculated at each time step, makes it difficult to
perform long-time numerical simulation. In this talk, | will talk about an operator-learning
framework we designed based on recurrent neural networks (RNNs) to address this challenge.
We utilize RNNs to learn the nonlinear mapping between Green’ s functions and convolution

integralsin KBEs.
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&1 H :SPABA: A Single-Loop and Probabilistic Stochastic Bilevel Algorithm Achieving
Optimal Sample Complexity

fiiZE :While stochastic bilevel optimization methods have been extensively studied for
addressing large-scale nested optimization problems in machine learning, it remains an open
question whether the optimal complexity bounds for solving bilevel optimization are the same as
those in single-level optimization. Our main result resolves this question: SPABA, an adaptation of
the PAGE method for nonconvex optimization in (Li et al., 2021) to the bilevel setting, can achieve
optimalsample complexity in both the finite-sum and expectation settings. We show the optimality
of SPABA by proving that there is no gap in complexity analysis between stochastic bilevel and
single-level optimization when implementing PAGE. Notably, as indicated by the results of
(Dagréou et al., 2022), there might exist a gap in complexity analysis when implementing other
stochastic gradient estimators, like SGD and SAGA. In addition to SPABA, we propose several other
single-loop stochastic bilevel algorithms, that either match orimprove the state-of-the-art sample
complexity results, leveraging our convergence rate and complexity analysis. Numerical

experiments demonstrate the superior practical performance of the proposed methods.
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4. EFF AFEMEMRKRFE Hig

BEAENT . EWMTE, AEMEMRAZHE, LS. TERARAKBARREKIBIESHE HRER
HERRIRF I BNEZETENNA UE—/BREERREX=1TRE, BNABETF -, B
hR# A —7, TRHERBEARFEE I,

# HE :AUnified Decentralized Nonconvex Algorithm under Kurdyka-Lojasiewicz Condition

{5 :In this paper, a decentralized optimization problem of minimizing a finite sum of
continuously differentiable and possibly nonconvex functions is considered. We propose a
unified decentralized nonconvex algorithmic framework that subsumes existing state-of-the-
art gradient tracking algorithms and particularly several quasi-Newton algorithms. A general
analytical framework for the convergence of our unified algorithm is developed under both
nonconvex and the Kurdyka-Lojasiewicz condition settings. We also propose some quasi-
Newton variants that fit into our framework, where essential implementation techniques are
presented for ensuring bounded eigenvalues of Hessian inverse approximations. The
numerical results show that these newly developed algorithms are very efficient compared
with other state-of-the-art algorithms for solving decentralized nonconvex smooth

optimization.

5. 55 ARZBAFE BT

BEAEN HRE, ARRBEARE, RESHKITER, AW ARMF AR T SIHERRIE, HB2F,
AMERFBENEIESITE,

#1H :Learning Prediction Function of Prior Measures for Statistical Inverse Problems

{52 :The statistical inverse problems of partial differential equations (PDEs) can be seen as
the PDE-constrained regression problem. From this perspective, we propose general
generalization bounds for learning infinite-dimensionally defined prior measures in the style
of the probability approximately correct Bayesian learning theory. The theoretical framework
is rigorously defined on infinite-dimensional separable function space, which makes the
theories intimately connected to the usual infinite-dimensional Bayesian inverse approach.
Inspired by the concept of differential privacy, a generalized condition has been proposed,
which allows the learned prior measures to depend on the measured data. Afterillustrating the
general theories, the specific settings of linear and nonlinear problems have been given and
can be easily casted into our general theories to obtain concrete generalization bounds. Based

on the obtained generalization bounds, infinite-dimensionally well-defined practical
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algorithms are formulated. Finally, numerical examples of the backward diffusion and Darcy
flow problems are provided to demonstrate the potential applications of the proposed

approachinlearningthe prediction function of the prior probability measures.

6.BA/E PEEFRADNUHRR RS

BEANEN BANE, FEREREDUARFA-ZSESATIERAZLEERLRE-ETFNREASE
B B EIPA-E T T2 5H188 A R[Healthcare Engineering And Robotics Technology (HEART)]#
R, BETHRRES T, ERAFETENFEESREE, BERERHA MV ERETERER, PERFEREE
BFRHESESAE, FERZER BEAZEAL EHEREAMATEHNZRNE. @ LB, B
Robotics XBFBEME ; RRATLAMEMNEZFEBTFEFER (APNNS Young Researcher Award).H[E
BER RSN ERELZM ARAE ORMENAFRANBAAIEBR. CHEEETSM MARFE
A W2 ARRBEE S, B RN BANBEDIZIT 51EH. EFXHELE. BUFI REFIF,

R BRmENANEA

HE DEAFAZATORMDERBHNERFE, AL FERNARFR, HAF RGN MERN
B HUNMENNFANBZA#—BRHAT HEFANLRNA, BEFZEFANBANBEREETR
B, SBNBANEENERHEDERABR. AREEAANZAGRBMENNFR, NS HEIL M
ENAFANBASERUKTERANEZEZENTF, BEEHREREGIMESM. ERIRERERRSZE
S MBAHBFARKLERESEEXHARER.

7.8 FYHRRIERRR HR A

BEAEN BREW, E1, ARRE, 202038 HERINTABIBARRESR AR FER1998F K+
ERFERBFESRAARNFMAREESIEFICHELF0;1999-2002FF SN EBEEPRIRITERFESHE
IR B ERPNXAREFNMERFREZRFRAAELEMRRR; 2001-2010FEHERFRBUFES RS
BERRRIE;2007-2020F T REHPABAERFZFRELR - KBPENARE, BFF, HBRK,E5
Lb IR AN 48 RN F N A R R TE. TR ERE S I ES R TUHENIEF T — R 5K MR, IRSPES
BRI, AEMFEEN—HEEMIEL, WBRBAGE, Uk&EMAThresholdingE M REEF . AR
65F FARIEXMIAKFIRM L MIAM R X EE (Sparse Optimization Theory and Methods, CRC Press,
2018), BHEENLTERBFRENRE,

i H :Splitting Alternating Algorithms for Sparse Solutions of Linear Systems with
Concatenated Orthogonal Matrices

{2 1A class of splitting alternating algorithms is proposed for finding the sparse solution

of linear systems with concatenated orthogonal matrices. Depending on the number of

matrices concatenated, the proposed algorithms are classified into the two-block splitting
alternating algorithm (TSAA) and the multi-block splitting alternating algorithm (MSAA). These
algorithms aim to decompose a large-scale linear system into two or more coupled
subsystems, each significantly smaller than the original system, and then combine the
solutions of these subsystems to produce the sparse solution of the original system. The
proposed algorithms only involve matrix-vector products and reduced orthogonal projections.
Numerical experiments indicate that the proposed algorithms are very promising and can
quickly and accurately locate the sparse solution of a linear system with significantly fewer

iterations than several mainstream iterative methods.

8.#/AY ARMMEXRTE HiR

BEAEN :BAH, AEMEXRZHEES, NEOIEZRMBERTERANGEANE, NE 2K
2%TMRBERFERE”, QI EATERFSESEFE TEMAMNBIATIERPHKERES HEAE,
EEKFHIMSNARFRIEXS0RE . EFERR. ABETBIT. RME)IEEABER=ZFR.FN
B ESREAFTETFRXR-FEL,

HE ETEMRNKESBRETSEBESERTNNA

AE KEIBRENETSEBENERESHNZOER, EERZEATERPNSEBIEER
RETEENBF IR SKRERFETEMRNKETRES A (G-SVD)ELR, TR ZER T EHRMLMEE
REFLENEHR, URNMNE—FTEEHSFTERNAEENLE TRERERTKETRESBER
T, BETFEMNRI A EZESEBBEER. FERNFZMESHLRER,
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KR BIRGT B

1.mRR ARZERT IR

BEAEN TRE, ARREAFRFESATFREE, BLESH, NEEAREBTEAFHE MK
RERARZIF IR, RREAXER, “BASTFEE", MRAAKIDRE. KIHEENSITHIES . 2
ABRRERTEZHTIIRSSB, AOS, JASA, JOE UK ATEETREKZIN NeurlPS,ICMI,AAAIZE 50K &R,
T BEHE BRI AR ORI E 4R AR T (N8 F ) (BURRI R LR EM-E TR H M,

#H Robust Safety Guarantee for Large Language Models via Preference-Augmented

Distributional Alignment

{2 :Domain-specific fine-tuning of large language models (LLMs) often compromises their
safety alignment, leading to unsafe generations. Existing approaches largely rely on distributional
alignment, enforcing token-level similarity between pre- and post-fine-tuned models. However,
this neglects the semantic nature of text generation and can weaken the model’ s reasoning and
robustness. To address this limitation, we propose a preference-based alignment framework that
complements distributional alignment by biasing the fine-tuned model toward the safe outputs of
the pre-trained model, rather than strictly preserving distributional similarity. Simulation results
show that preference alignment produces consistent safe outputs even when the underlying
distributions differ. Extensive experiments on multiple fine-tuning attack datasets and utility
benchmarks further demonstrate that our method substantially improves safety with only minor
degradation in utility. This achieves a more favorable balance between safety and utility, and

significantly enhances robustness against adversarial fine-tuning,

2.7 R REXRF BIHER

BREANENT . HRR, BEXERITEHERFZRBAE, AREVTEERSE, M E LW FFEF
BERAFZERIR, EMHFWAFEELE, TERRAFRAANBIEI . SLRIT. BEZ50E, REFERA
ARFEESEFEHE, NEEREEFEAT, HRAKRTFA0S, JMLR, TIT, NeurIPS, COLTFHRT SN L,
ZRRGIEEEFREMRFES R,

# H :Fastand Multiphase Rates for Nearest Neighbor Classifiers

{5iE :While the learning frameworks for expressive models, such as neural nets and nearest
neighbor classifiers, often align closely with nonparametric statistics, their empirical
performance frequently deviates from theoretical ratesin that classical nonparametric bounds
tend to be overly pessimistic in high-dimensional scenarios. This paper addresses this gap in

the context of nonparametric classification, focusing on nearest neighbor methods. By

adopting a microscopic viewpoint, we analyze the excess risk as an emergent macroscopic
quantity. Our approach not only recovers the classical nonparametric rates, but also achieves
the parametric rate of O(d/n) for the standard logistic regression model. Moreover, our
framework provides a theoretical explanation for the non-uniformity in error rates across

different sample size regimes, aligning with phenomena commonly observed in practice.

3.EGT EPHERAFBEFREMRR

BEAEN BIRF, TEEABRRFREAFRESSEGREMLIMTENEL R, FBESE MM
RKEERMSBRMEELERRIE, F2021FRESTEEPREAFZBEERIE, FEIMRR.

# H:ARandom Matrix Analysis of In-Context Memorization for Nonlinear Attention

{2 :Attention mechanisms have revolutionized machine learning (ML) by enabling
efficient modeling of global dependencies across inputs. Their inherently parallelizable
structures allow for efficient scaling with the exponentially increasing size of both pretrained
data and model parameters. Yet, despite their central role as the computational backbone of
modern large language models (LLMs), the theoretical understanding of Attentions, especially
inthe nonlinear setting, remains limited. In this paper, we provide a precise characterization of
the{ in-context memorization error} of { nonlinear Attention }, in the high-dimensional proportional
regime where the number of input tokens n and their embedding dimension p are both large
and comparable. Leveraging recent advancesin the theory of large kernel random matrices, we
show that nonlinear Attention typically incurs higher memorization error than linear ridge
regression on random inputs. However, this gap vanishes, and can even be reversed, when the
input exhibits statistical structure, particularly when the Attention weights align with the input
signal direction. Our results reveal how nonlinearity and input structure interact with each
other to govern the memorization performance of nonlinear Attention. The theoretical insights

are supported by numerical experiments.

4.1 1% ALEKE BIHIR, ARG

BEANEN ME, AFAFRFERZZREAE, HRRARSFAASLERTSRIANEIES, ES
BREASHBESNEEXFHBENRITES, AR X EEREMN. EFZSH, URRITSINEFEIHFERE
BERAF . RERAFMIFMERFRNEA,

# H :Provable Feature Learning in Two-Layer Neural Networks: Optimality and Knowledge

Transfer
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{2 :Feature learning is crucial to the generalization of neural networks across diverse
tasks and constitutes a vital component of foundation models. Despite numerical evidence
that neural networks can learn meaningful features, theoretical guarantees in this direction
have been rare. In this work, we focus on the feature learning properties of two-layer ReLU
neural networks within a teacher-student framework. When the features in the teacher model
are separable, we establish rates of convergence for recovering these features in the
overparametrized regime. Our results show that the student network provably learns the
teacher's features with nearly minimax optimality. We further examine the impact of learned
features in a transfer learning context, thereby justifying performance improvement in

downstream tasks.

AENSE IS

1. 8951 BiIIKF BiRHiz
BEANENBEIL, BNRFHEER AR AR FNEES AFEEEZNNA. S BRI,

#1H :Testing the Algorithmic Fairness with Continuous Sensitive Attribute

§ii = :Excessive focus on accuracy can result in unintended discrimination in machine
learning systems. This algorithmic bias has drawn growing attention from both academia and
industry. While fair algorithmic design has advanced rapidly, fairness auditing—another
crucial aspect—remains under developed. In this paper, we provide a new statistical
framework for the test of fairness based on nonparametric inference and functional delta
method, which can handle both discrete and continuous sensitive attributes. Simulation
results show that our proposed test is comparable to existing method in the discrete case and
outperforms them inthe continuous scenario. We further apply our method to the COMPAS and

Adult dataset toinvestigate potential disparities over continuous attributes.

2.5 % FERMHAFE BIEHIT

BEAEN A, MEFBETAEZEYRITRBDERE, BLEVTEBAERIUHEEER, ST
RRERHE, TERARMBEERUNEZEI . RELEFI . ARE. o1& 8T RS AXHNHARE
%k &1EBiometrika.Biometrics. Statistica Sinica. Statistics in MedicineZFE 4 i+ F TR A EHATI

#H :Demographic Parity-aware Individualized Treatment Rules

fifiE :There hasbeen growinginterestin developing optimalindividualized treatment rules
(ITRs) in applied economics, such as business decision-making and public policy design. The
application of ITRs within a societal context raises substantial concerns regarding potential
discrimination over sensitive attributes such as age, gender, or race. To address this concern
directly, we introduce the concept of demographic parity in ITRs. However, estimating an
optimal ITR that satisfies the demographic parity requires solving a non-convex constrained
optimization problem. To overcome these computational challenges, we employ tailored
fairness proxies inspired by demographic parity and transform it into a convex quadratic
programming problem. Additionally, we establish the consistency of the proposed estimator
and the risk bound. The performance of the proposed method is demonstrated through

extensive simulation studies and real data analysis.

B AFEF ERAEIREBLIHRE

BEAEN AREF, BERABRITARFHRIENFEAIEEHELHRLE, TNEBEIAXFERHEHL
B EEMRAAEERTEI. ATFENBIZIURTIEZZES, RATRERTEIFEERITEISA
TERAKPNMES KA.

# H :Fair Sufficient Representation Learning

{2 :The main objective of fair statistical modeling and machine learning is to minimize or
eliminate biases that may arise from the data or the model itself, ensuring that predictions and
decisions are not unjustly influenced by sensitive attributes such as race, gender, age, or other
protected characteristics. In this paper, we introduce a Fair Sufficient Representation Learning
(FSRL) method that balances sufficiency and fairness. Sufficiency ensures that the
representation should capture all necessary information about the target variables, while
fairness requires that the learned representation remains independent of sensitive attributes.
FSRL is based on a convex combination of an objective function for learning a sufficient
representation and an objective function that ensures fairness. Our approach manages
fairness and sufficiency at the representation level, offering a novel perspective on fair
representation learning. We implement this method using distance covariance, which is
effective for characterizing independence between random variables. We establish the
convergence properties of the learned representations. Experiments conducted on healthcase
and text datasets with diverse structures demonstrate that FSRL achieves a superior trade-off

between fairness and accuracy compared to existing approaches.
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4.5%#5 ZRKXE BIHE

BEAEN KBS, BEE, TERRTBARFRZEL. MEABTAERES 2. EBRASKIT
S BEBIESTVREBEI . BEERFEE KESRRE SN AEEE NHHRRITHZHEHRR.

#1H :Variational Bayesian Logistic Tensor Regression with Application to Image Recognition

#HE In recent years, image recognition method has been a research hotspot in various
fields such as video surveillance, biometric identification, unmanned vehicles, human-
computer interaction, and medical image recognition. Existing recognition methods often
ignore structural information of image data or depend heavily on the sample size of image
data. To address this issue, we develop a novel variational Bayesian method for image
classification in a logistic tensor regression model with image tensor predictors by utilizing
tensor decomposition to approximate tensor regression. To handle the sparsity of tensor
coefficients, we introduce the multiway shrinkage priors for marginal factor vectors of tensor
coefficients. In particular, we obtain a closed-form approximation to the variational posteriors
for classification prediction based on the matricization of tensor decomposition. Simulation
studies are conducted to investigate the performance of the proposed methodologies in terms
of accuracy, precision and F1 score. Flower image data and chest X-ray image data are

illustrated by the proposed methodologies.

EFES5ATHE

1.EE EREEXE (TH) BI#E

BEAENT . ER, FBRFAZ (TN EERAATSREZHAIHE, TENEETFER . EFITE.
EFNBFEINHE, BEEFRSNEETIEEE Transactions on Information Theory. FERIZ Z 2R
F.Quantum.ChipBRZE.F2019-2023EBEMRENEEFIHERL, FARANALKEFINRFEIF
BER . T BFEERERBRAFREHELFI, RITRKAHBLEXHNZERRNFEEEFER
¥%£,7EPRL.PRX Quantum.IEEE TIT.IEEE JSAC.CMP.ISCA.MICRO.HPCA.NeurIPS AAAIZEIE,
HENALSEMENEHTS2NEARIORBIEN, HEZBEEFITEMKTQCEEERSE (KFEE)
UREXEYEFFMBIERSEEEEQIP.ISIT.AQIS.QCTiP.QTML.AAAIEZARNNEFER S
R, HNELIKEN2%TNRB FRESR,

#H :Quantum Neural Network Design and Applications

{iiE :Quantum neural networks have emerged as promising quantum machine learning
models by combining the unique properties of quantum systems with classical optimization to
tackle complex problemsin physics and beyond. However, prior studies have exposed inherent
trainability challenges that severely limit their scalability. In this work, we introduce the
Quantum Recurrent Embedding Neural Network (QRENN), inspired by ResNet's fast-track
information pathways and general circuit frameworks from quantum information theory.
Leveraging dynamical Lie algebras, we rigorously prove that QRENN circuits remain
trainable—avoiding barren plateaus even as depth grows. We also introduce the Linear
Combination of Quantum Neural Networks (LCQNN) framework, which uses linear
combinations of unitaries to create a tunable design that mitigates vanishing gradients
without incurring excessive classical simulability. We show how specific structural choices,
such as k-local control unitaries or group-theoretic subspace restrictions, prevent gradient
collapse while maintaining sufficient expressivity. We further employ LCQNN for supervised
learning tasks. Beyond theoretical analysis, we introduce a scalable, training-free QAS
framework that efficiently explores and evaluates quantum circuits through landscape

fluctuation analysis.

2. R ALFEKEF BhIRHIR

BE AfE 7T Xiao Yuan is an assistant professor/researcher at Center on Frontiers of
Computing Studies, Peking University. He received his PhD in physics from Tsinghua University
in 2016 and worked as a postdoc at University of Science and Technology China, Oxford
University, and Stanford University from 2017 to 2020. His current research interests focus on
near-term and universal quantum computing, quantum advantage, and quantum computing
applications.

#H: Quantum Advantage for Near-Term and Fault-Tolerant Quantum Computers

2 :Quantum computers have the potential to solve classically intractable problems.
However, realizing a universal quantum computer is challenging with current technology.
Before having a fully-fledged quantum computer, a more realistic question is what we can do
with current and near-term quantum hardware. In this talk, | will first review the quantum
algorithms that are designed for near-term and fault-tolerant quantum computers. Then, | will
introduce our recent works about classical simulation of quantum processes. Finally, we

discuss the possibility of achieving quantum advantagesin the early-fault tolerant era.
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BEAET BFRZRE EXXFHR, ELESN, TEMNFEFUE. EFSIINRISEE. EFF
WBEMXAFHFENARIE, TFHEREBAEE =D, 7£(Phys. Rev. Lett.).{Phys. Rev. A)YEF L RIEX
ZRo

HEBETHNRFINEFXEKEEMIT

HE EFXK(BEEFSI. . EFYUEREFHTS) REFERAEESHPNZOER, TEFE
EREFHEFREEEEFRAAM EFXENARRNSEERFFTERBNEFSEEERES,
XEHMFRYEERNEFSERER, SHEANITEAH. WX —Hk&, RMRBETFHRENKZEFN
BFEINFHZ, EIRNEFSNHBIBLEES, FUNEFXKEENSBREMRIT . ZAEZRERETIT
BRRER, NEFEERAEESHTALRETHERITAR,

ARFEBRERRESANHER. BEEEEHFHNETVEAETRERMRES

EEAEN AFEEEARERRELUHF R B R EERFHEBERLRERMARR, ART
HEEFERESIHTEEMEL, 2014FFMELFIHIRFEEER, 2019FFFEAXERXIXRREBELTF
i, BEPERK BHRE BFEIXREMNSZHIEENELEMR ARANBEEEFRANE SHIR
mEl. EFEMNEZ. EFUES KBS, BENature Physics. PRL. npj-QIEHFIARIOREFZRIENX,
Hep22R (@) F—/@REE

# H :Robust and Efficient Estimation of Global Quantum Properties Under Realistic Noise

= :Measuring global quantum properties—such as the fidelity to complex multipartite
states—is both an essential and experimentally challenging task. Classical shadow estimation
offers favorable sample complexity, but typically relies on many-qubit circuits that are difficult to
realize on current platforms. We propose the robust phase shadow scheme, a measurement
framework based on random circuits with controlled-Z as the unique entangling gate type, tailored
to architectures such as trapped ions and neutral atoms. Leveraging tensor diagrammatic
reasoning, we rigorously analyze the induced circuit ensemble and show that phase shadows
match the performance of full Clifford-based ones. Importantly, our approach supports a noise-
robust extension via purely classical post-processing, enabling reliable estimation under realistic,
gate-dependent noise where existing techniques often fail. Additionally, by exploiting structural
properties of random stabilizer states, we design an efficient post-processing algorithm that
resolves a key computational bottleneck in previous shadow protocols. Our results enhance the
practicality of shadow-based techniques, providing a robust and scalable route for estimating

global propertiesin noisy quantum systems (arxiv: 2507.13237).
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5.3k ERBFESEXHFERLELRE

BEAET DERESAHEVFHRERFERASE, RPEREREFSAARERRRIELZML, MA
ERUEFEXXBEROELE TERRA B AR FREF(stabilizer formalism)BWEFiItE.EFN
2. EHETE EMNIEM Y4, EPhys. Rev. A. Annalen der Physik.Inter. J. Theor. Phys.Theor.
Math. Phys FHI# A RIEXI0RRE.

#H: Quantum Machine Learningin the Stabilizer Formalism

{2 :With the rapid development of the machine learning in the classical realm, quantum
machine learning aims to integrate the principles of quantum mechanics with machine
learning to achieve capabilities beyond classical computation. At present, however, there is
lacking a clear theoretical underpinning for explaining how quantum resources contribute to
the performance of such models. This is sometimes referred to as the “black box” problem of
machine-learning-inspired approaches. In this talk, we will discuss the quantum machine
learning in the stabilizer formalism, where “magic” is recognized as an important kind of
quantum resources. We will examine how magic evolves dynamically during computation and

obtain abetter understanding of the learning process.

6.1 SEEP R R FEHF S5 FR R

EEAET 1998FRPERBZAFEMBFE LA MU AN EPREARFE ZLHUR, BiFELE
SN zZEZ5EHEELTES N SERIENRSNA. DA RRELERENAFUAMBSIE, T
Chaos. DCDS.JMB. Math. Mod. Meth in Appl. Sci.. Nonlineariy.Sys.Cont.Lett., Topol.Appl. &F#8
XEMRZEZTY ERRSCIMR B RRE, HiREZ38. HBELESFENIE Elsevier “PEBHSIFE"H
B, BRIRNE RN ESEE/NACREFIN/LAEIL. ZBRMNENParetof /LAY R 5 &R,

HE. TRAEMZENZZEBF —MLEANHRINAEESREES

HE REFIMNENEZENALIERERLNEIERA AMREEERM T FEHENENETESE
HERBMARDE, RABUSERBERF, EIE TG FMILEME B EXREREZMEREBIER
FERNRES H T EMNRFRR N, BEEGNEHAMNAZTROMNEHRT T BURENLEMAE
BEMAAES—ENEBTUN—LRR, T REN/LALEHMHENKZ T ERENX R &RE, T
BTHREAREFANEZERREREMERMHBFETLE, HPANETWNMEARS FENT KEBIEHR
HENBHNRNEERNE, HNATERLHENBR/NDEERRNSIHRE, UAki#H—FVIEILEE, &
BRENERZRERBEMLAAEERREWRENBNLEENE R
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1.ZZ tEKRF BIEHR

BEAET RE, tRERBFRAD OB 2016 FRFIUARKFEHEREFZLFM, 2021F
REMMNAZERANSREARFELFMU, 52021598 BEEZXRFEFEEMITENRZEKEH
i (QuICS) BEMIF R LEMARS, 2024FIB NRRILR K F . TERRAHMBEEEFREHEEFNHE,
UREFIITENMNARFNEZRMAR, BERAEF TR EFRINEAHRENND FENEFRIEE

#H :Large Time-Step Discretization of Adiabatic Quantum Dynamics

{iiE :Adiabatic quantum computing is a general framework for preparing eigenstates of
Hamiltonians on quantum devices. However, its digital implementation requires an efficient
Hamiltonian simulation subroutine, which may introduce extra computational overhead or
complicated quantum control logic. In this work, we show that the time step sizes in time
discretization can be much larger than expected, and the overall complexity is greatly reduced.
Remarkably, regardless of the general convergence order of the numerical method, we can
choose a uniform time step size independent of tolerated error and evolution time for
sufficiently accurate simulation. Furthermore, with the boundary cancellation condition
where the continuous diabatic errors are exponentially suppressed, we provide strong
evidence on an exponential convergence of even first-order Trotter with uniform time step size.
We apply our analysis to the example of adiabatic unstructured search and show several
preferable features of the Trotterized adiabatic approach: it can match the Grover lower
bound, it does not require a priori knowledge on the number of marked states, and its
performance can be asymptotically comparable with that of the quantum approximate

optimization algorithm.

2. F 5 RiNKF BhIEHIR

BEAET EZEE, AERFRXAZAIESEER, MEEFIHTENRFERFENRRIE. Y
EBIECMP.IEEE TIT.FOCSHICALPEHZ MBI ENMFNHTMEN LELERIEXZ+RE-ME
BRRBE MR NBAREGRAE R EEER ALE AL EEESNESZTERFESERM
=

HEH EFNBFIREMNBEESZHEE

ME RINEMEENAEMREFNRFIEYNEENZUEN, ERFTERKEFERREEER
ZTERBENRABE SRR, HEREFNBFIRBLEEF I RMAZHET.
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BEEXHITE INRERE

1L.alkBARFERELE
BREAENT QR BARXEEGR EERRSBEAERETN (Conformal Prediction) , &REF T
(Conformal Prediction) ,i® EE¥>)32i¢ (Deep Learning Theory) , Bt#B% 3] (Federated Learning) .

# H :Optimal Model Selection for Conformalized Robust Optimization

f#iE:In decision-making under uncertainty, Contextual Robust Optimization (CRO)
provides reliability by minimizing the worst-case decision loss over a prediction set, hedging
against label variability. While recent advances use conformal prediction to construct
prediction sets for machine learning models, the downstream decisions critically depend on
model selection. This paper introduces novel model selection frameworks for CRO that unify
robustness control with decision risk minimization. We first propose Conformalized Robust
Optimization with Model Selection (CROMS), which automatically selects models to
approximately minimize the average decision risk in CRO solutions. We develop two
algorithms: E-CROMS, which is computationally efficient, and F-CROMS, which enjoys a
marginal robustness guarantee in finite samples. Further, we introduce Conformalized Robust
Optimization with Individualized Model Selection (CROiMS), which performs individualized
model selection by minimizing the conditional decision risk given the covariate of test data.
This framework advances conformal prediction methodology by enabling covariate-aware
model selection. Theoretically, CROiIMS achieves asymptotic conditional robustness and
decision efficiency under mild assumptions. Numerical results demonstrate significant
improvements in decision efficiency and robustness across diverse synthetic and real-world

applications, outperforming baseline approaches.

2EREBXRFERSHIENFR HIR

EEAET R EHRERFZRYE, BLESH. AR AR ASLEEIENR T H#E, KEERIRICRE,
Zrgit o, ESWGRGT, REESREIBIR T,

# H :A Unified Framework for Large-Scale Inference of Classification: Error Rate Control
and Optimality

fiE :Classification is a fundamental task in supervised learning, while achieving valid
misclassification rate control remains challenging due to possibly the limited predictive

capability of the classifiers or the intrinsic complexity of the classification task. In this article,

44|



00U 55 | @S wmamys | fuoe | O

2025 E_BHRFSATISEHNZFIAS

THE2ND | CONFERENCE ON MATHEMATICS AND Al SCIENCE

we address large-scale multi-class classification problems with general error rate guarantees
to enhance algorithmic trustworthiness. To this end, we first introduce a notion of group-wise
classification, which unifies the common class-wise and overall classifications as special
cases. We then develop a unified inference framework for the general group-wise classification
that consists of three steps: Pre-classification, Selective p-value construction, and large-scale
Post-classification decisions (PSP). Theoretically, PSP is distribution-free and provides valid
finite-sample guarantees for controlling general group-wise false decision rates at target
levels. To show the power of PSP, we demonstrate that the step of post-classification decisions
never degrades the power of pre-classification, provided that pre-classification has been
sufficiently powerful to meet the target error levels. We further establish general power
optimality theories for PSP from both non-asymptotic and asymptotic perspectives. Numerical
results in both simulations and real data analysis validate the performance of the proposed
PSP approach. In addition, we introduce an ePSP algorithm that integrates the idea of PSP with
selective e-values. Finally, extensions of PSP are shown to demonstrate its feasibility and

powerinbroader applications.

3.EXIF mAKE BIHE

HEAET EXE, BARERITSHERFZZREBEE  TERARXHFA AL REN (Change-point
Detection) . &4 #7 (High-dimensional Inference) 5 # &R (Predictive Inference) .

# B :Fastand Reliable Changepoint Detection for Complex Models

{fiE :Detecting structural breaks in high-dimensional, highly flexible models confronts two
core challenges. (1) Computational burden: re-fitting a sophisticated learner for every
candidate segment is prohibitive. (2) Estimation bias: scoring flexible learners with in-sample
loss produces systematically optimistic estimates that misplace changepoints. This talk
introduces a dual remedy. Reliever tiles the search space with a near-linear family of multiscale
“relief” intervals, enabling any optimal or greedy algorithm to recycle a single model fit across
many segments. The resulting O(n) total fitting cost still achieves (near) rate-optimal recovery
of changepoints in high-dimensional regression and other rich settings. Cross-fitted
evaluation partitions the data into folds, scoring each fold with models trained without it to
obtain unbiased out-of-sample losses. Minimizing this criterion restores consistency (and rate-
optimality) under mild predictive-accuracy assumptions. Together, Reliever and cross-fitting
form a principled, practical toolkit that renders changepoint analysis both fast and

trustworthy, paving the way forits routine use in modern machine-learning pipelines.
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4.115%%% LiBZBRE BIFIR

BEAET EFER LERBAFHRFREZZRKBHENEIBUR, th FISFE LRV TFHAKRE, K
BEEMMIAZMNEELERR MNHARAFASETVHER. AT RERE.EEFISEEF EZRIT
FxEIASA.BiometrikaFE B FEITMEICML NeurIPSEHEARIEX20R R EFER LBRBEKRF
SERZFZRKBHENEIBR, 0 FISFEL RV TFEAARE, BEEEMMIXKEMNEFLEHFR 8
MRFESETVRE AT EERE. ELFEISEEF ERITFEREIASA.BiometrikaF N EF S
TRZICML. NeurlPS EH & RIEX20R R,

# E :Feedback-Enhanced Online Multiple Testing with Applications to Conformal
Selection

{iiZE:We study online multiple testing with feedback, where decisions are made
sequentially and the true state of the hypothesis is revealed after the decision has been made,
either instantly or with a delay. We propose GAIF, a feedback-enhanced generalized alpha-
investing framework that dynamically adjusts thresholds using revealed outcomes, ensuring
finite-sample false discovery rate(FDR)/marginal FDR control. Extending GAIF to online
conformal testing, we construct independent conformal p-values and introduce a feedback-
driven model selection criterion to identify the best model/score, thereby improving statistical
power. We demonstrate the effectiveness of our methods through numerical simulations and

real-data applications.

HhH LS BRI

LS MEKXRE #ig

BEAET B CEBET2016FEPERZRITERARARARGELF0,2016-2019FE V1M
P EEREREZBIELTEHRR, 2019FMALURRERFZERXBERRPOMAXKBERTEY
ERFWIPHNEYMES BRRERAXRHE, @FELFRRE=SHEMPHNEXITERRBIERRE, EEN
F—RAFHBEEFHE=ZHENRNFAUTOMNEEMEE, HX I LXK FNature
Communications.Genome Biology.Fundamental Research.GPB.BioinformaticsE 415 R F
HEEHY,JSB.UltramicroscopyEFBFERMEEZEETH, AKICCV.ISMB/ECCBEMHMAK RN, £
REERBANFZESE L HESESHAHNETERZER LAEASEEFES . ZFUFESTEHNE
ERKMEERTE.
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HEIRFRBRZEMNGEIERR

MERFRR-LERERAR—MAARFRRAGEIEREREMK S FEMN G & XMHRRE
BARBKEXEN_HEFERRESG, AGFMAXEEGRINEEHITZELHNER, E— T REEN
RIAERBERFREZLERP, FEAENBFRESHACEZREEMS M AENBEFEMRERK
HIE XERANNALSESRAAEREHERRAEBENS W EMR D FEMN LR, hE
MEMBYT TR RHEEN E R A REREENE—TRR=ZGEEZFEARENTEEPN—EHRE,

2. A% WHRIMBKF i#Im

BEANEN BE URMEAERESRITFRBENBE, PEEEFSVFRANISEFEE, T E
MRMF A RRUIEIES FE, RABDERERMRMERBRE RERCEEBENMR LT E AR
FIhMMR S %, e /EEMath. Comput..Algorithmica.J. Global Optim . ZEFRAMBATIMSIN EER
RERRBX =+ RRE ERERBARFESHA20. 4 BARFEE ST H2I,

#1H :Robust Least Squares Problem with Binary Noise Data

{2 :We propose a Binary Robust Least Squares (BRLS) model that encompasses key

robust least squares formulations, such as those involving uncertain binary labels and
adversarial noise constrained within a hypercube. We show that the geometric structure of the
noise propagation matrix, particularly whether its columns form acute or obtuse angles,
implies the supermodularity or submodularity of the inner maximization problem. This
structural property enables us to integrate powerful combinatorial optimization tools into a
gradient-based minimax algorithmic framework. For the robust linear least squares problem
with the supermodularity, we establish the relationship between the minimax points of BRLS
and saddle points of its continuous relaxation, and propose a projected gradient algorithm
computing e-global minimax pointsin 0(e®) iterations. For the robust nonlinear least squares
problem with supermodularity, we develop a revised framework that finds e-stationary points
in the sense of expectation within 0(€™) iterations. For the robust linear least squares problem
with the submodularity, we employ a double greedy algorithm as a subsolver, guaranteeing
a(3€) -approximate minimax point in 0(€”) iterations. Numerical experiments on health status
prediction and phase retrieval demonstrate that BRLS achieves superior robustness against

structured noise compared to classical least squares problems and LASSO.

3HTEBEREREHE

BEAEN TR, B, ELESTN, SEAERERE, LRERNBFHARER M. FIHHFRMR
FREIRE-FEMR A - ERCERSEFE.MUFEXH, E(Science China:
Mathematics).{Journal of Optimization Theory and Applications)&FI¥ L X RS KFRHAILX
S50RR. EFEXBARFESHEINL L AEEAREZEESTESFETRIEST. BRUAESEFER
BMERAZEFER UFAEANEARSHERNEZERABANZ—SFREXH AFPEEZEFRIES.
Mathematical ReviewsiFiERA.PEEEFESHFMINSSEBE . PECZEFSHFISESE . FEIEE
FRRERGESNASREE LA EEFRESEE. FRMmENERNER. ERTHRESWHK. S
M ERENEERFFZARR,

B MAEEERBETELE AR E AN A

HE . SFENESEHNRUNER—XEENENRBRLRE, B FEAGHHNIE BRLLEN,
BEEVNESMNRURNEREESREERGSESAERNIRG . RRNEISHINE. TEBNAEEE
REETGEH . FREMFAEAES ZHNARETENSHEENESHNHGIERE. KELWRK
a8 LA K BEM S5 A (L i) BB AR BT S KR, IR B G T | EWNEH R KELWESZE . B
BIEH R R AF MR BAER EERNUEEN AR SHEX AR BENEMRHE, 4 HERBM AR
B HEE—BNRBREEGT, RIATEZEZNEBWHER. ANRIT T BEACE LTS BN, EEEiT
MAEGFHHEZA,

4.5 REBHERT Hig

BEAEN PEBFAFE, BRELEST PEHENDE (CCA 2R, PETENIEATERE
RIVANETZZR, PEHENDESHBENMREEZES, PEEEFEE5R, PEEFFIRFS5EEE
SEE,FEELERFRERBERLERRZR IEMARFTAANBIF S RiFEE

HE A ABEMEINESHNRETEHRR

HE RREZITERXRNEPERINM ZX I EXRED, BINRET —HHANEFEISE, %
FAESMBRESHERFATEMBEES. AEMS, N SREBE, RITEI D RAXEBHTER
HIEE MEPFHNEMPEXR, ARXEXRABSERME—TEMSEE MG, HNFBEKKEMR
EREAR, NEMBEKERFE I —MEKBIBEKE, L5, RN BBEARARENER, ZNEASITAERE
ERMNFEWE LRKE, HEARKKENERARMERKERKE, B, HITFLF EZRBENA
FHEDHE AENKBLERTHIEAT RINARE G EZNERME.
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1.ENE RRRIVKE HFFKR BT

BEANEN EREBRREIVAEZHEZRAE. ELESTN, TENEERETRAKSHEERE
it & N B 3T, 7ESIAM J Appl Math, SIAM J Contr Optim, SIAM J Appl Dyn Syst, M3AS, Nonlinearity
ZERRENARE, ERERBANZEST AN, UREHIEEANZESAEHEMNKASISMB,

#H :Associative Memory Network and Binary Pattern Retrieval

HE= 2024F B N/RYBEFRE T Iohn HopfieldE1982F M T FH1RH T HopfieldBXABiE1Z M4,
ZEEKuramotofB SR FIREMER T LRI LR, ABIZIZME “‘memory” M AR HRE RS F%
RIE, BERAERENBEHRNR EMBNRELEWBAETEM ZTEARRE, MTIRI T X EEN
BYISIZThEE. AR BZ N BE FKuramotoB AR FIRE M BB IZIZMEZN D FIER, HNBEEZTER
REXSIRAN PRI A o

2.;mf8 FRIIEFR HR

BEAET RS, BUR, MTEST, B EERET ILSHARFSESES ALE TV S5HA
BE B AEEEFSER AL ITVAFFREEREZ - TENERRAHERSEEMR, ERER
BT RUEERBAMEEHREUDEREETHERZMATNEAE EHERBARNFZEEEEESE, T
LEEARNFEENTTFRFER, TIHEBETESFINEST . ERM U TETNLEATISIAM
Journal on Optimization, i EHIFIComputational Optimization and Applications, Journal of
Global Optimization.Optimization.Optimization LettersEF#E LA RIEXTRE, Z RN BSINE
PR ERFERSINHMBIR S

#E:A Distributed Proximal Algorithm for Nonsmooth Optimization problems with
Nonsmooth Inequality Constraints

#Z:In this talk, we mainly consider a class of distributed nonsmooth optimization
problems, which involve nonsmooth local cost functions subject to nonsmooth inequality
constraints and the coupled equality constraints. The communication graphs of underlying
multi-agent systems are directed and strongly connected. By using proximal splitting method
and derivative feedback techniques, we first propose a novel distributed proximity-based
algorithm. Then, combining the Lyapunov stability analysis with convex optimization theory,
we prove that the states of all the agents converge to an optimal solution of the optimization
problem. Finally, some numerical experiments have been conducted to illustrate the

theoretical results.
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3. AEE AERLKXE HIH

BEANET BAEE, MBRFHERLKE, #H. EEMEREFIERNUHGEXITHMNHAR, XE
REEHE.FINUERRERVNELSREEREIFERBARNFZFESEERNFESTA (CX) T, HS
52 m& 7AW B, ZE(IEEE Transactions on Cybernetics). {Pattern Recognition)& ¥ RHiFI £
ERIEXHR-

#H :SOR-Unrolled Learning-to-Solve Method for Absolute Value Equations

{HZ:The Absolute Value Equation (AVE) has attracted considerable attention due to its
equivalence to the linear complementarity problem and mixed-integer programming. It is
nonlinear and nonsmooth, and solving it is NP-hard. Among existing methods, SOR-like
iteration, derived from fixed-point iteration, is notable for its simplicity and good theoretical
guarantees. However, its performance heavily relies on complex parameter selection. In this
work, we propose a learning-based framework that integrates deep neural networks with
algorithm unrolling to address this issue. Specifically, we develop SOR-Net, an unrolled model
inspired by SOR-like iteration that incorporates learnable parameters and nonlinear
activations while preserving algorithmic interpretability. In addition, we design a two-stage
framework: the first stage treats the sign prediction in AVE as a binary classification task,
effectively reducing the original AVE to a standard linear equation system; and the second

stage employ.

AFENFHRFIRIVAFEHRARS

BEANET N, BRREILARY BHFEFR EMBFARMR BARA BLESM. ETEMEES
EHFERACERSEIMATHERBARNZFESETFINAR . PEFLERFEESH LB SFRMBE,
BE7EMP.SIOPT.TNNLS.Neural NetworksF T A XRFRiLXo

# H :Robust Principal Component Analysis with Rank and LO-Norm Regularization Under
Matrix Factorization

HE RPCARKES P —MEENRRMES X, EERMIIREMR (HSHKE) WHRMLOTERE
REE W THEERART ETFERESBOKMLOENEREMR KRR, ZFRPCANE R T, RHEMAE
HAFOBERERERMETHERE 8%, BUTHMLOENRESH S RIEE 2 BNFN 4. MG, 50 RIE
BMET—1TAEEN ZENMENFNIELMMESR, BT TREFNFN . #—F, RHT —XKEFTXE
TinE AR R, AT ANIEXNREREE RN I, ZBieHRT RERBCPHK
NEMKERPCARG, MESLEIRA T AR HIEE MG ESIBERPCAT AELLNE ML,
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1.FBHE EiAS Hi%

BREANET ZAE, L, EEXFHBR . ELESIH. S5 TF 2001 £ 2008 F7E ARRBEAFER
BFELMBELFM,2012-2013 EXEXRTRAKRFHEZLSIBRMEBELEMRR . TEMNERE LR
. EFFELESERSMFASEAR L HYRE LWREE, BIEFREAORRUNRED
BiENG—UENINER, FREFEGEESIRELRERIENMIBIESHAZ, BT BRI AFEEN
ARE i, EER, EEIE Nature Communications.IEEE TPAMI % |EEE SCTIA0
JCP.Neurolmage. Patten Recognition FIATILAK CVPR. IJCAl FN& EARFARILX 100 RE (&
EZRE ESI BEEIFARILN) MAAMEWS] 2400 RR. BRREWS] 400 RR BRIEREFHERESR
MEMVNBFELAENRE EXEANFESEALTES 10, THERERATBMEBEAERTE
3 L. ZBIEAPETIVSHNANFEFSNFSEFRXFREZRZR . PEEEFSETEFEES S
BE . IEBEYEFIREFSATIEREZSESER, MASEN SCl BBHEEXf/FENERERIIN
BFZERasRELR/IER.

#iH: Al4Optimization: EF E&KITBHNME B &

HEOEER, ETREFINAIESRMTLEAE, BN FRENTHBEENDAR— I EB LM
B, FINBEATERNE—TRE FIREEFREZIEENTRBER, 15503, MUEEET A
LR BT ARG, BB 93 TDIM PO 48 B9 e R RR 14 . B, H X BIRSER RGN IREE . /)i 245 9 2 F0 & 2 Ff 2B
BREMNEGEE=SNEMESHE, B ER N, FHEXYIEBRE RIS AT NELHFiR R, &
HRMEERLMREERMUIE - RE, TMKB=TESHREUCEEZNEL, HEZ I HIEELHNIR
ISIEFRIR MR RV ER 53 P AR RR AN B 21

2. 55 INKE Big

BEAET HEXKRZATIERER, ZEES, BRK NEERSBERTEAS, TERRINRZE
S BEREGERXEREFIMOEEM, T ERF . NARE RITE BFIRE A TS ERFIHAIE
MEATIAMSIN ERRIEX=1TZRK: SIAM &5 (5 &) .Appl.Comput. Harmon. Anal.(2#).Inverse
Probl. (2 &);Ann. Stat. (3 %) .J.Amer. Statist. Assoc. (2%) ; IEEE Trans. Inf. Theory (5 #).IEEE
Trans. Signal Process. (3%) ;J. Mach. Learn. Res. (7 &).ICML (3 ). NeurIPS (3%, Efh—FOral.—
mSpotlight);Nat. Commun..ZFHERELSMAITFRE. EXBANFEEE LA R—HFEERN
ARNRESEHER,

#H:Some Theoryon Learning with Transformers

= :In this talk, we will focus on the approximation upper and lower bounds for

transformers. As an application, we will derive the convergence rates for several tasks
involving learning with transformers to understand LLM training, In context Learning and

Chain of Thought.

3.05% AKX E BIHIR

BREANEN KR, B, BEELZEAU, BLHRES M AR A M ARE/IER L, ZESIELERR,
mfifl, SRR, AR, BEF.

1 H :Accelerated Gradient Methods with Gradient Restart: Global Linear Convergence

{fiE :Gradient restarting has been shown to improve the numerical performance of
accelerated gradient methods. This paper provides a mathematical analysis to understand
these advantages. First, we establish global linear convergence guarantees for both the
original and gradient restarted accelerated proximal gradient method when solving strongly
convex composite optimization problems. Second, through analysis of the corresponding
ordinary differential equation model, we prove the continuous trajectory of the gradient
restarted Nesterov's accelerated gradient method exhibits global linear convergence for
quadratic convex objectives, while the non-restarted version provably lacks this property by

[Su, Boyd, and Candés, J. Mach. Learn. Res., 2016, 17(153), 1-43].

4508 HEAE HiR

BEANET KB, B, BLEST, HEAERFESHEREZREIRK, “SEITESESLE"H
ERERREERSEEE NENEEANETERS, S HE T EETHIMEFNR.2021F.2015F#
BITIRZFH2023F . 2018F IR E LR FHR. EFEARE L. FFNE, #rtEEEH LHE—
FAB, NEEYETER. METEUNR, i HEENEE T FNAFERAMERRIMELORTL (1
BUORRE5ERESARITN. EREGFIHE . TV B4 AR & K B A 58 1E 7= Jb B il H 14 5 R o i
BZU. FEMNEHERK. ZFER. EFTEFFENAR. EERIEZEZARET SIAM J. Sci.
Comput..Automatica. J. Comput. Phys. E X RIIZFUW K RSCHILXS50RE,

i H :Data-Driven Optimal Iterative Parameter Prediction and its Applications

= :Matrix splitting iterative methods with parameters play a crucial role in solving linear
systems. How to choose optimal splitting parameters is a key problem. In this talk, we propose
a data-driven approach for predicting optimal iterative parameters: multi-task kernel learning
Gaussian regression prediction (GPR) method. We develop the generalized alternating

direction implicit (GADI) framework with optimal parameters, successfully integrating it as a
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smoother in algebraic multigrid methods to solve linear systems. Moreover, we accelerate
GPRusing mixed precision strategy and evaluate the predicted results with statistical
indicators. Further, we have successfully applied GPRto(time-dependent) linear algebraic
systems (elliptic equations, Poisson equations, Parabolic equations, Helmholtz equations) and
linear matrix equations (Sylvester equations). Numerical results illustrate our methods can
save an enormous amount of time in selecting the relatively optimal splitting parameters
compared with the exists methods. When the system size exceeds hundreds of thousands, the

acceleration ratio of the GADI framework can reach hundreds to thousands of times.

AR EEEE

1.ET A ERKE #ig

BEAETER, BARKRAFIHTENREZS TRAMERIR.IEEE Fellow . BHEBIHEHE. “ER
BERAARHZFFIH FERRAT  EEARTIAA TSRO ERE. BZ (MELTHE.RLE
I NMBEIF)AR-ARTRRERAETH—FR. _EFR PERFFIEARE-FEL,

BB L E R B AR R

BE RBEFAATUKRMFERNRECAEEEFRERB IARFAHSSIATEHNZNHRASHM, ¢
WA EREEFBEERN TR FREFRIRANBZINERRRZAET —EBAUNEMER (MKE
) BIRTREME AR M R

2R ENETSFALRE SEHARA

BEAET RAH, EABTARALRESEARR, BLELFEBREXF SAAREBETASA
LW EFAIMEDAE A A TIE BIBRMR S RBBEEA LS M) . B ME AT R B FEHE =51, 3
FHEBSBRRAL.EDABNIAAHIER. . SATHXE X BESARK. GREL BOAEE LIRS
EAKIBAMSHMENRELS L4 BETKDE.KDDZFAZXPTI S KINER A, HIBEEMO 2021 T EE,
TETCIRBIE4R%E.

HH KRR B EES BiRigit

ME BEALSEERNCVELR, AEREHEEBANZUENSIIRESGRE, ERAUNTEEMR
HEEBESEZIGITNESER FRGRE “KER RN R KB BES EAGIH HBE, SEFAKXE
NERERESHA BERSAR. BhERBFEEE, HEEREINES U RBE X REEESHE
ZRUBRKBERER. ALK, 5 HEE S, #ER KSR RS B R RS MRS, TIMIE

SRR AR AR AR R (MR BB RBEEE) NBE LRI IR E, RITKE
BEGBAFI P IFRA, ERFEAEWER. SHBEN AR S RBEEMK, EERASRMKLR
BHRBUERSEFES FARFNEDT BENURESERAUNRERS, LAEFF . T T2 . Hh
FIEFIARMTEH. REFNRRZFIER . REBOREREHEER L. ZRAEFHREG RN
MAMER, WA A ERRERSE KBRS ZHENDFENEZNS.

3.5 LI ARBFERKXY #ig

BEAEN:SIRE, ARBFREXRFHE S, EREFTFALT, RAESERALT, BIRK, &5
RRAEEARNE-—FR PEBFFEANF SR PETFERER . IXRATIERBARNFESF
B EXBRBATERRAFFTERSF IEMFEEFZ ATEER. ZENAURENARE, TERERET
ERRFAREXI0RE, ZRIEXNEESIARIEXMEWEIEN THERBAEEE. BRPEF20R
BRI E . B ERAE S H T B FMPOMNERFEISAURARASRERKREE L,

B SWFIRTHERONEKBEIFE

ME RELRENSRNIANBETE, HESB. BARIP. SHERFHNATATERERENLZE. X
FORBRBEIFA - HERNEIER, EBEFAHZHENMRTHRES NS5 HIIFEE KRR
WEERER REREMENATEEEEFXRRE, fE T —MEREBEMEMESREEENDeProFLIE
oA —PIRHEBNDFLGMEZA TR ASRMBIENA R E B G R E EICMLE SIS RRATFR
REZTEREMESOEE BRI FEIEPRFLARNITERRIZ T BEMNTHEFOME
BFE,

4.HIF REKFE Hig

BEAET HE, KERXFHR ELESN, SRENLEFEEREE, B1IFE, RHEEER
MRERGEELENIE2023.2024FEHEFR R RE NG FE. ZRWRIPESRKSIFEMEE
2%MFH, NEBELREANIBTERZE  TERRTIAENL T E, FEXTFERIEX—BRRE, K3
— B RR, RE AT INNHIE R\ BEIEEE# i EILTIE %o

HEH B THEMKEENBAME H#HE#EEZE

MEAWNRERAAF A #AUEENHEMK S EATEANE Z#HEIRARE LS8 T ER
MR, HZVRE T —FETFHEMEZEENBRMRE ZH#FIH LR L, BT MREBIEEE 217
HIBR G X 2R o 38T JF B 43 ) 48 B AR E 8 7T 3B it HH B9 A%, TR KRR Z it I L E R ES KRN/
MIBESRENRLES . ZHEMBERERINLGE, TUBERBRER I DO LIEIEK, FRAE—F
BABENZ#HE M ERE L, SRETFNREN—F, ZEZREEENEERMKERS,
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1.ZEF ARTERE Hig

BEAEN BT, ARRBEAFHER-MARAAANEZES, it FHAE, AT HiEW/ RkRie
X80RE, HAREIEIEEELTI16%, CCF ARSI 24K . BRI AP ERFEGFREFEIHERRFTT
EREAHA, CCFIHENUREERER, CCFATIBEERNIRNEERBNER, BESCIHAT
Frontiers of Computer Science BHFAE. B EICML,NIPSERNEBFZRRE
53,AAAI2016, [UCAI01TEREFERRER B HAMAE T FHER, MEAMNEFIELIEXR,ICMRRE
EXRIER, NEEMARZBRETFERRAT TR,

HE SHUERAEEREMA

HE . SREFRERMEZL, TR REFIMWHARIZETEENER. AN, EANERELER
BREZREHITEMG, D LMAERRY, FERATFRESREFAETULE. SRMEDSABNIERMESE
RMERE SR (ESEL) ERHFERRRLERNEN— N EERA, ALATEENHARNE LN ES
HUERAERRAETESHE, NBEFZERRRNTRZL, A REBENB—MHERTREARESH
BRUERFE, HURRELTERBEFIMERNAR, TE—RISBUERSENREA,

2.FZ IKE B

BEAETEFE, B, E1,IAPR/IET/AAIA Fellow, X EER A TE &R ¥ E (NAAl Member),
IEEE Senior Member, CCFARHE R, CSIGRHE R, I AFREBIHFERE, ERAUHEFRFEESRE
E,BREERETR, NE2IKFNRWMANFZRER (QELFRFEMAHTENEERZEMAHT
1) ;Elsevier 2023“REGEHS|IFE”, HEIHBRZAIM2030—KAIEHREATNEERRZER, BRE
AUFESEIMBAARA, BEBESAHYARTEATA, BLtERFERAREFRFSEE KIWERE
HARBIEARA, EREANFESHALTEHARA, WILEANZFESEATHARA, TR HEIH
2035 ERFARHNMBARA, IIEAHETERNZESREE, MIAHETR, IMNTRIINES
K, MIEISIAABRIBEZRBR, PEGEERESBFHRARMBMRAPLEREZEASFEERIE
MEHENA SRR AN B F I F WA A RN L,

HH ETZESRIENEGMMAE FEE &R

WE U5, BGNIMERRA IS ERMENARNERRE, L HEEERANIENH RERE
BAR.ARETEESBIBEDNATIEEFEIS L, ETZESERER  BERNMRIAE S HENRAE
TTRNEI REMEM T ZESHIRANZ I TEN TR RBMER, M4BT IEERENFBREFS
BITUBRIBX D RNERERFAMHN—RIIRKRENARTERELIRMN A 55X XL RERENR
SREMIEE M AT LR R E i RIEMB PO AE St RENBETETERTAMIENEZN ST

5, RINE ST REVEMIE, WRERGENAS U EREEM, IMEMRRNBHE. TEE HF—
HSMESESRETROER BMENKREFNAR—ERN — T RSESNEERMERAEIGN
— L& FF I 1) A 3 R

3. BFRRAE HiR

BEAET BER BFRKAFREREZZRBREELESM)EEPEIVSHABFEFZE
RBKNEELFZEASWBE, NEERSREREEAT. “2XKFNRWNRBAZRIER" FEREREZMH
HITE ENEEZAMBEARATFEIAONNEFTEALT . BFREXRFEATNHALE, ETEZRAXBHEK
FMALERZIXMAR, #EElsevierth iR MM FHRHHRNFEREEZEET2E, F—/BAFEEHFEMN
FEREMFEMBATMSNERFRILXI00RE(GoogleEAR5|FH8000RR), BIENERAFISIAM J. Sci.
Comput..SIAM J. Imaging Sci..|IEEE Trans. Pattern Anal. Mach. Intell.. IEEE Trans. Signal Process..
IEEE Trans. Image Process..|EEE Trans. Comput. Imaging.|EEE Trans. Intell. Transp. Syst..|IEEE
Trans. Neural Netw. Learn. Syst..IEEE Trans. Cybernetics.IEEE Trans. Circuits Syst. Video
Technol ..IEEE Trans. Geosci. Remote Sens.flIEEE Trans. Big Datak& Ji=CVPR.ECCV,AAAIFIACM
MMZE,

#2H :ARevisit of Inverse Imaging Problems from a Continuous Representation Perspective

{iiE :To tackle inverse problems in imaging science, the regularizer, serving as an
indispensable cornerstone in modeling, are usually introduced. In this talk, we will begin by
reviewing the classical regularizers, including local regularizers, nonlocal regularizers, and
global regularizers. We then will discuss the limitations of classical hand-crafted regularizers
(e.g., expressive capability, applicability, and flexibility). To address the above limitations of
classical regularizers, we suggest a unified Continuous Modeling Perspective for imaging
science, which continuously represents discrete data by elegantly leveraging tiny neural
networks. This paradigm allows us to readily deconstruct and reconstruct the classical
regularizers, thus unleashing the potential of regularizers. Extensive experiments demonstrate

the promising performance of the continuous modeling perspective.
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ERAZHSA TS

1.JE ERMEXRE Hig

BEEAET ERHMEAFRFRBEREZZR)AER, TEHXBSEAAEMRL. AKER, EFRKE
ETHEEASEEEELFE. TRIZSHMERKL AEBANFESHTENHAR HIRASHFE . IFHK
B BILFERRRE, B SFLASF. HEAEMRIE. ABAGE MELASFE. . AHE L. BRVSFIETE
FHREIRE

# B :Extremal Distance Spectral Radius of Graphs with Fixed Size

{#iZ= :Let m be a positive integer. Brualdi and Hoffman proposed the problem to determine
the (connected) graphs with maximum spectral radius in a given graph class and they posed a
conjecture for the class of graphs with given size m. After partial results due to Friedland and
Stanley, Rowlinson completely confirmed the conjecture. The distance spectral radius of a
connected graphis the largest eigenvalue of its distance matrix. We investigate the problem to
determine the connected graphs with minimum distance spectral radius in the class of graphs
with size m. Given m, there is exactly one positive integer n such that ("il) <m<(3).We establish
some structural properties of the extremal graphs for all m and solve the problem for
("il) +max{¥, 1}<m=<(3). We give a conjecture for the remaining case. To prove the main results,
we also determine the complements of forests of fixed order with large and small distance

spectral radius.

2. 5RLA UKRMEXRFE #ig
BEAET DR, &, WREIEA, 1971F 4%, IWRMEXRFHER, #LESW, MELKRMEREH
FhRK, TEFRTHSE L EEUAEERBAUFRERRFZSIRNMRS R " MEEILE MK

|57

REMR"HEIN, EZRIBARZHASHARPO.BNAEERRESHENEILHOUR EBRBAR
FHFERIFAHAR

# H :Decoupling the Dynamic Process of Public Group Influence on Opinion Leaders by
Two-Layer Networks

{52 In a social network, the opinion leaders are usually believed to be the critical nodes
influencing the whole network. As the majority of society, the force of public group effecting
information also should not be underestimated. The interactions between opinion leaders and
public group significantly affect the information propagation in social networks, and it is of
great necessity to study the influences of these interactions. Meanwhile, people have different
comprehension for the same event due to their lives, educations and the influence from their
friends or neighbors, which produces positive or negative attitudes. Considering the above of
heterogeneous node characters, diverse attitudes, and the state transition mechanism, a
layered SPNR propagation model is formulated by using Markov dynamic equations. Through
theoretical deduction with this model, the equilibrium point and threshold are formulaic
representation, the existence and boundary of the group effect of are deeply analyzed, and it is
proved that this effect is of the same order as the product of node scale and minimum degree.
On this basis, numerical simulations were further used to verify the supportive elect of the
group effect on mainstream information, validate the effectiveness of the SPNR model and the
sensitivity of its parameters, and explore the influence of network structure on information
propagation at different stages. Finally, both in-system and o-system information
management strategies are proposed according to the discussions of parameters in SPNR
model. And for the o-system management strategies, two-stage strategies for various states

are proposed.

3.5 PERFER R HEAARRARS, FRRXFREHE

BEAET KRB, PERZRRNCHBZARRRARS, EBREREHR, I FEa e ARE
RETERARARPORATERAN, RETERARFRIZL (ET Fellow) , FEHENFESALER, BN
BFIEMFEEERIRE (IEEE Senior Member) , FEEHFF2RFMI P 2ESES, PEHENFES
ABEERHEN/HRATE/ M EEF EESIITER, FEATIERFRERRS TEIZRFNERF
ZREEFEENTEERUTLPNERERSIN COCOON 2022 (CCF BERW) , HITH AN T IE M
YA =1 PDCAT 2020,

E EREME XK DERERL



2025 E_BHRFSATISEHNZFIAS

THE2ND | CONFERENCE ON MATHEMATICS AND Al SCIENCE

I3 | @ vmanys | juo | O

ME BKEME (VPP)WXRWEEE, AR RIRE —FMH RN E XS R BRI SSRITHE
R UmRZE5F RN AR, HEZFE. MRESATREBR BE 5| NTERLEESR
B, RERARTEFREF R THEREIT. ETEMNB HE VAR, FRRAZET AN W — KL
B AR EAELR, SSME ST ikHHE I S e R 2 2 BN S S B RS,

4.7 B WERKE (RB) #ig

BEANEN T, URKRFERFESHITFRBE, BLESH.2006 £ 6 AEVFIIARAEHRESF
RIEFEFSEHFICE W, REFE L, 2009F58AF 2011 55 BHfE, FTEEAASTELAZHRFERHIE
TREAR2006 F 7T AESHEURKRFHRESHEHFREIR BT EMNEFEASERNE. BERIEZEFM
MR, ERFHATHERMREBERATAE 7 0. FERRAKBEEEXANEIEETAIFRRE, RE
FMEPHALERY D REF B APEIEEFSERSASHSES, PETIVSNARFEFRERHN
BRI KRFELEESER,

# H :HOI-Brain: A Novel Multi-channel Transformer Framework for Brain Disorder Diagnosis
by Accurately Extracting Signed Higher-Order Interactions from fMRI Brain Data

§iiE :Accurately characterizing higher-order interactions of brain regions and extracting
interpretable organizational patterns from Functional Magnetic Resonance Imaging data is
crucial for brain disease diagnosis. Current graph-based deep learning models primarily focus
on pairwise or triadic patterns while neglecting signed higher-order interactions, limiting
comprehensive understanding of brain-wide communication. We propose HOI-Brain, a novel
computational framework leveraging signed higher-order interactions and organizational
patterns in fMRI data for brain disease diagnosis. First, we introduce a co-fluctuation measure
based on Multiplication of Temporal Derivatives to detect higher-order interactions with
temporal resolution. We then distinguish positive and negative synergistic interactions,
encoding them in signed weighted simplicial complexes to reveal brain communication
insights. Using Persistent Homology theory, we apply two filtration processes to these
complexes to extract signed higher-dimensional neural organizations spatiotemporally.
Finally, we propose a multi-channel brain Transformer to integrate heterogeneous topological
features. Experiments on Alzheimer' s disease, Parkinson' s syndrome, and autism spectrum
disorder datasets demonstrate our framework' s superiority, effectiveness, and
interpretability. The identified key brain regions and higher-order patterns align with

neuroscience literature, providing meaningful biologicalinsights.

5.8 I RAREXE HiIR

BREANENT KB, T AMERFHE TEMNSEICRHEBEEZESEARINE, ESIAM J. Discrete
Mathematics, J. Graph TheoryEEZEMRFABH LEARIEX Z+Z R, ERFAZER T EE NI
FoiZit, BRI, BX S B ZMERBEREFH M LEGRTIRR, 85 Bl 14 RZB XTI EEHM
SRFRSIA.ERTH REEAREEEHERD, WERH REESBHABE—I,

#1 B :Recent Results on Paths and Cyclesin Digraphs

HE BNRBEZHREEEMNASEN, BRETER.NERFZ. BRI ES R MEEFD
HRMHAZAEGEEEXMNAE RN, BE THEIGNG A RZNBBNFETHNAR. EERRE
B, B CREAMEEN FERMEUREFERREPH/IRBEBERFN—LERRHE, QIFZEER .
BA 4. BERENRERKUKREXNEZESF.

6.F5$E5 ERIMEXRE BIHIR

REANET BRES, B, ERMEAFEBR FEBEELTT2013FEm R IMEAFREELF A,
LB ARSCHLI20RE, K RMIL XA KR TFSIAM Journal on Matrix Analysis and Applications,
SIAM Journal on Scientific Computing, Mathematics of ComputationEFEfrTIY, 85857 —%
£ E(Tensor Eigenvalues and Their Applications)fESpringerth i, MEFEXRE AR FEEHm LN
B1mM AEBM 5N AEMARTELIN, RG2020FE RFEEARER_FL,

# H :Multi-Linear Pseudo-PageRank for Hypergraph Partitioning

{ifiE= :Motivated by the PageRank model for graph partitioning, we develop an extension of
PageRank for partitioning uniform hypergraphs. Starting from adjacency tensors of uniform
hypergraphs, we establish the multi-linear pseudo-PageRank (MLPPR) model, which is
formulated as a multi-linear system with nonnegative constraints. The coefficient tensor of
MLPPR is a kind of Laplacian tensors of uniform hypergraphs, which are almost as sparse as
adjacency tensors since no dangling corrections are incorporated. Furthermore, all frontal
slices of the coefficient tensor of MLPPR are M-matrices. Theoretically, MLPPR has a solution,
which is unique under mild conditions. An error bound of the MLPPR solution is analyzed when
the Laplacian tensor is slightly perturbed. Computationally, by exploiting the structural
Laplacian tensor, we propose a tensor splitting algorithm, which converges linearly to a
solution of MLPPR. Finally, numerical experiments illustrate that MLPPR is powerful and

effective for hypergraph partitioning problems.
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EEAENTFER, FLESM, BRRAMARAFAREEZRITS SN, AGRKEBIEREAE, R
YN SRERRE(EZZIT S MM RIRBT BEEICH BN EREMEBATITheoretical Computer
Science, A EREMAIFIJournal of Combinatorial Optimization, BN E#EFITsinghua
Science and Technology/RZ/FERZE, BEITHESHAECOCOON, AEM K SMACOCOA, HIT5H5%H
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EMNFEFEWHER, ERESAMAITFIRE, RINTEMARTEF EFERRCCFEFRTI/ SN UARERFE
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FMEBERZ. MMNARF SR FHELEERFGEZEERARPOFFES|I AMRMH,

#1H :Colorful k-Clustering

ffiE :Clustering has long been a fundamental problem that has attracted research interest
in combinatorial optimization and computational geometry over the years. This presentation
will focus on recent research mainstream of colorful fair clustering models, motivated by
privacy awareness in modern machine learning tasks. We introduce colorful fairness from both
facility and client perspectives based on recent work on colorful k-clustering. Our result on
colorful sum of radii remains state-of-the-art and colorful k-supplier has been improved to a 3-
approximation from ours 5-approximation by Thejaswi et al. very recently, closing the gap

under P#NP.
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BEANET IBEW, KEXAFZEESRERARZRMERE, 23 FERBRIXAZHENRZRREE L
FAFBERFNIAFREMEINAINZ U B EEMEATEREEZRXIMAR, TERRANSE
B . ZESEZREAFRIERS . TRZEAFME. ETREZIENBEINERIZH. T
Bioinformatics. Briefings in BioinformaticsE£ME R EMTIARIEXZ R 18EBIBM2023/2024
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# H :Singular Value Decomposition of Third Order Quaternion Tensors and Application in

ColorVideo Recovery

{#HZE A novel tensor product for third order quaternion tensors is proposed. With this
tensor product, we further define the singular value decomposition and the rank of a third
order quaternion tensor. It is also proved that the best rank-k approximation of a third order
quaternion tensor exists. On the other hand, note that a color video can be expressed as a third
order quaternion tensor, the proposed singular value decomposition thus opens up a new way
to analyze the structure of color video. We establish some quaternion tensor completion
models for color video recovery and propose a suitable method to solve this model. Finally,

some experiments are performed to demonstrate the efficiency of this model.

2.8 850 M KE HiR

BEAEN B8, &, 8L, HBEAFRFEFREE, IR EEFBEK, I RA T ERESN
BRHZEREEEK, PEEEFSHEMN S ESES, R ERFITIEITIL A,

# B :Spectral-Spatial Extraction through Layered Tensor Decomposition for Hyperspectral
Anomaly Detection

{#fiZ= :Low rank tensor representation (LRTR) methods are very useful for hyperspectral
anomaly detection (HAD). However, existing LRTR methods often overlook spectral anomaly
and rely on computationally expensive large-scale matrix singular value decomposition. To
overcome these limitations, we propose a highly efficient layered tensor decomposition (LTD)
framework that simultaneously optimizes two key components within a unified model: Layer 1,
which reduces spectral redundancy and extracts spectralanomaly, and Layer 2, which captures
spatial low rank features and extracts spatial anomaly. The resulting spectral and spatial
anomaly maps are then integrated to achieve a robust final detection result. An iterative

algorithm based on proximal alternating minimization is developed to solve the proposed LTD

64|
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model, with convergence guarantees provided. Moreover, we introduce a rank reduction
strategy with validation mechanism that adaptively reduces data size while preventing

excessive reduction.
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# H :Advancing Probabilistic Forecasting and Generative Modeling through Koopman
Operator-Based Frameworks

fHZE :This talk summarizes three Koopman operator-based methods addressing key
challenges in time series and generative modeling. KooNPro integrates variance-aware deep
Koopman models with Neural Processes for probabilistic time series forecasting, capturing
complex temporal patterns and uncertainties. KONODE employs Koopman-driven neural ODEs
to model hierarchical dynamics—surface observations, parameter evolution, and intrinsic
linear rules—enhancing long-term prediction and generalization. Hierarchical Koopman
Diffusion enables both one-step sampling and interpretable image generation by linearizing
diffusion dynamics in latent space. Validated across real-world and synthetic datasets, these
approaches demonstrate the efficacy of Koopman theory inimproving accuracy, efficiency, and

interpretability for dynamic system modeling.
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# H :Tensor Modeling and Computation for Irregular Multidimensional Data Processing
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%4 B :Obstacle-Aware Length-Matching Routing for Any-Direction Tracesin Printed Circuit Board

{HZE :Emerging applications in Printed Circuit Board (PCB) routing impose new challenges
on automatic length matching, including adaptability for any-direction traces with their
original routing preserved for interactiveness. The challenges can be addressed through two
orthogonal stages: assign non-overlapping routing regions to each trace and meander the
traces within their regions to reach the target length. In this paper, mainly focusing on the
meandering stage, we propose an obstacle-aware detailed routing approach to optimize the
utilization of available space and achieve length matching while maintaining the original
routing of traces. Furthermore, our approach incorporating the proposed Multi-Scale Dynamic
Time Warping (MSDTW) method can also handle differential pairs against common decoupled
problems. Experimental results demonstrate that our approach has effective length-matching
routing ability and compares favorably to previous approaches under more complicated

constraints.
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#H :Near-Optimal Simultaneous Estimation of Quantum State Moments

{2 :Estimating nonlinear properties such as Rényi entropies and observable-weighted
moments serves as a central strategy for spectrum spectroscopy, which is fundamental to
property prediction and analysis in quantum information science, statistical mechanics, and
many-body physics. However, existing approaches are susceptible to noise and require
significant resources, making them challenging for near-term quantum hardware. In this work,
we introduce a framework for resource-efficient simultaneous estimation of quantum state
moments via qubit reuse. For an m-qubit quantum state p, our method achieves the
simultaneous estimation of the full hierarchy of moments Tr(p2),...,Tr(pk), as well as arbitrary
polynomial functionals and their observable-weighted counterparts. By leveraging qubit reset

operations, our core circuit for simultaneous moment estimation requires only 2m+1 physical

qubits and (k) CSWAP gates, achieving a near-optimal sample complexity of k‘€°§ . We
demonstrate this protocol's utility by showing that the estimated moments yield tight bounds
on a state's maximum eigenvalue and present applications in quantum virtual cooling to
access low-energy states of the Heisenberg model. Furthermore, we show the protocol's
viability on near-term quantum hardware by experimentally measuring higher-order Rényi
entropy on a superconducting quantum processor. Our method provides a scalable and
resource-efficient route to quantum system characterization and spectroscopy on near-term

guantum hardware.
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#H :Quantum Recurrent Embedding Neural Network
fiHE :Quantum neural networks have emerged as promising quantum machine learning
models, leveraging the properties of quantum systems and classical optimization to solve

complex problems in physics and beyond. However, previous studies have demonstrated

inevitable trainability issues that severely limit their capabilities in the large-scale regime. In
this work, we propose a quantum recurrent embedding neural network (QRENN) inspired by
fast-track information pathways in ResNet and general quantum circuit architectures in
quantum information theory. By employing dynamical Lie algebras, we provide a rigorous
proof of the trainability of QRENN circuits, demonstrating that this deep quantum neural
network can avoid barren plateaus. Notably, the general QRENN architecture resists classical
simulation as it encompasses powerful quantum circuits such as QSP, QSVT, and DQC1, which
are widely believed to be classically intractable. Building on this theoretical foundation, we
apply our QRENN to accurately classify quantum Hamiltonians and detect symmetry-protected
topological phases, demonstrating its applicability in quantum supervised learning. Our
results highlight the power of recurrent data embedding in quantum neural networks and the
potential for scalable quantum supervised learning in predicting physical properties and

solving complex problems.
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# H :Quantum Alternating Direction Method of Multipliers for Semidefinite Programming

{iZE :Semidefinite programming (SDP) is a fundamental convex optimization problem with
wide-ranging applications. In this paper, we present a quantum alternating direction method
of multipliers (QADMM) for SDPs, building on recent advances in quantum computing. An
inexact ADMM framework is developed, which tolerates errors in the iterates arising from
block-encoding approximation and quantum measurement. Within this robust scheme, we
design a polynomial proximal operator to address the semidefinite conic constraints and apply
the quantum singular value transformation to accelerate the most costly projection updates.
We prove that the scheme converges to an g-optimal solution of the SDP problem under the
strong duality assumption. A detailed complexity analysis shows that the QADMM algorithm
achieves favorable scaling with respect to dimension compared to the classical ADMM
algorithm and quantum interior point methods, highlighting its potential for solving large-
scale SDPs.
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#H:Optimal Interpolation-Based Coordinate Descent Method for Parameterized
Quantum Circuits

= :Parameterized quantum circuits appear ubiquitously in the design of many quantum
algorithms, such as variational quantum algorithms, where the optimization of parameters is
crucial for algorithmic efficiency. In this work, we propose an Optimal Interpolation-based
Coordinate Descent (OICD) method to solve the parameter optimization problem that arises in
parameterized quantum circuits. Our OICD method employs an interpolation technique to
approximate the cost function of a parameterized quantum circuit, effectively recovering its
trigonometric characteristics, then performs an argmin update on a single parameter per
iteration on a classical computer. We determine the optimal interpolation nodes in our OICD
method to mitigate the impact of statistical errors from quantum measurements. Additionally,
for the case of equidistant frequencies - commonly encountered when the Hermitian
generators are Pauli operators - we show that the optimal interpolation nodes are equidistant
nodes, and our OICD method can simultaneously minimize the mean squared error, the
condition number of the interpolation matrix, and the average variance of derivatives of the
cost function. We perform numerical simulations of our OICD method using Qiskit Aer and test
its performance on the maxcut problem, the transverse field Ising model, and the XXZ model.
Numerical results imply that our OICD method is more efficient than the commonly used

stochastic gradient descent method and the existingrandom coordinate descent method.
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# H :A Robust and Fast Reliability Assessment Method for Composite Power Systems with
High Wind Power Penetration Based on Machine Learning

{#iE :The strong stochasticity and volatility of wind power generation pose new challenges
to the operational reliability of power systems. Traditional reliability assessment often
struggle to balance economic efficiency and robustness under high-penetration wind power
integration, yielding either optimistic or overly conservative results. We develop a data-driven
distributionally robust optimization (DRO) model for operational risk assessment. To meet
real-time needs, we propose a CNN-DRO method that predicts the worst-case probability
distribution (WPD) and thereby collapses the tri-level “min-max-min” DRO model to a single-
level OPF-consistent optimization problem solved per operating state. Ahybrid CNN Classifier-
Regressor design first screens secure states (no load shedding needed) and then predicts the
WPD for insecure states, so only the latter invoke the single-level optimization solve.
Numerical simulations are conducted on the RTS-79 and IEEE 118-bus systems under varying
wind power penetration levels, with comparisons against stochastic optimization (SO) and

robust optimization (RO) methods.
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#H :Applications of Large Language Modelsin Formal Reasoning

%= :Interactive Theorem Provers (ITPs), often referred to as formal languages, provide a
robust framework for eliminating errors in mathematical reasoning. At the same time, Large
Language Models (LLMs) have demonstrated significant potential to accelerate—and even
partially automate—the formalization process. In this talk, we will examine how LLMs can be
trained and applied to automated theorem proving in abstract algebra and commutative
algebra, with particular attention to the critical role of premise selection in research-level
formalization as compared to high-school-level competitions. We will also highlight the key

challenges on the path toward more advanced automated theorem provingin Lean.
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{2 :Translating natural-language proofs into machine-checkable Lean proofs is a pivotal
step toward integrating human mathematical writing with verifiable formal knowledge bases.
In practice, this task is hampered by several persistent challenges: implicit or omitted
premises, unexpressed quantifiers and scopes, latent structure in arguments, brittle or
imprecise theorem retrieval, and error accumulation over long reasoning chains. These issues
make end-to-end translation fragile and hard to reproduce, even with strong large language
models. We address this problem with a verification-centered workflow built around a
lightweight intermediate semantics. First, proofs are rewritten into a Lean-friendly informal
style that makes assumptions, goals, and variable domains explicit. Next, we represent the
evolving state of a proof as a Tree of States (ToS) and decompose it into Adjacent State
Nodes—small, checkable units that treat each parent goal together with its already-

established children.
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#H :Formal Methods and Semantic Engineeringin Al for Math

{#fiZ :Interactive Theorem Provers (ITPs) such as Lean 4 play an increasingly critical role in
Al for Math research. These tools not only establish a foundational framework for precise
expression and rigorous verification of mathematical knowledge, but also provide a reliable
semantic foundation for Large Language Models (LLMs) in mathematical reasoning tasks. This
report systematically explores the integration of ITPs and LLMs from three perspectives: First,
we discuss the core role of ITPs in Al for Math, with emphasis on analyzing their expressive
power and correctness guarantee mechanisms. Second, we provide an in-depth analysis of the
functional architecture of Lean 4 semantic engineering APls, examining how these interfaces
support the enhancement of mathematical reasoning capabilities in LLMs. Third, we present
recent research work that integrates the aforementioned techniques to provide a new solution

for proof assistancein Lean 4.

LERBILFXREELE

BEAENT ZER, LRAEREHNEEXRELARLE, SMANBXHEE ARREER LS B
EIRIEA.RMHUEBERLSREEE5ATERHRX, NZIERAZHERFZERBLERRITL, BRILTEX
FRBELTERE,

# H :SITA: AFramework for Structure-to-Instance Theorem Autoformalization

{2 In this talk, we introduce SITA, a structure to instance autoformalization pipeline that
converts informal problem descriptions into machine checked results in Lean. The pipeline
begins with an abstract theorem, maps its objects and assumptions to a concrete problem,
verifies the required conditions, and transfers the theorem to obtain a certified statement.
Built on Optlib with modular components for smoothness, convexity, proximal operators, and
standard first order updates, SITA rapidly instantiates common models such as linear
regression, logistic regression, and Lasso. We also outline integrating SITA artifacts and back
translation into scholarly workflows to standardize assumptions and notation, link claims to

formal proofs, and improve clarity and reproducibility with minimal overhead.
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#1 B :Shapley-Coop: Credit Assignment for Emergent Cooperationin Self-Interested LLM Agents

fiiE :Large Language Models (LLMs) are increasingly deployed as autonomous agents in
multi-agent systems, and promising coordination has been demonstrated in handling complex
tasks under predefined roles and scripted workflows. However, significant challenges remain
in open-ended environments, where agents are inherently self-interested and explicit
coordination guidelines are absent. In such scenarios, misaligned incentives frequently lead to
social dilemmas and inefficient collective outcomes. Inspired by how human societies tackle
similar coordination challenges—through temporary collaborations like employment or

subcontracting—a cooperative workflow Shapley-Coop is proposed. This workflow enables
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self-interested Large Language Model (LLM) agents to engage in emergent collaboration by
using a fair credit allocation mechanism to ensure each agent’s contributions are
appropriately recognized and rewarded. Shapley-Coop introduces structured negotiation
protocols and Shapley-inspired reasoning to estimate agents’ marginal contributions, thereby
enabling effective task-time coordination and equitable post-task outcome redistribution. This
results in effective coordination that fosters collaboration while preserving agent autonomy,
through a rational pricing mechanism that encourages cooperative behavior. Evaluated in two
multi-agent games and a software engineering simulation, Shapley-Coop consistently
enhances LLM agent collaboration and facilitates equitable outcome redistribution, accurately

reflectingindividual contributions during the task execution process.
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#H: Communication-Efficient Oracle Estimation for Distributed Instrumental Variables
Regression

{52 :Instrumental variables (IV) models have garnered significant attention in statistics
and econometrics, and their integration with distributed inference is increasingly relevant
when data stored at different sites cannot be directly shared. For instance, when interbank
transaction data are dispersed across multiple financial institutions, regulators may use
distributed IV methods to evaluate the causal impact of interest rate changes on credit supply.
In this article, we propose a communication-efficient estimation framework for IV regression in
distributed systems. Existing methods for instrumental variables regression are
predominantly developed in non-distributed settings. The contributions of this article are
threefold. First, we introduce a communication-efficient penalized estimator for instrumental
variables models, which facilitates the aggregation of data from multiple sources to enhance
estimation accuracy. Second, we incorporate folded-concave penalties into the instrumental
variables regression in both stages and a uniform prediction error bound is established. Third,
we propose a novel concept termed the "communication-efficient oracle" estimator. We
rigorously prove that the proposed estimator converges to the communication-efficient oracle
estimator with overwhelming probability across both stages. Finally, we conduct simulation

studies and real data example to demonstrate that the performance of our proposed estimator.
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# H :Personalized Bayesian Federated Learning with Wasserstein Barycenter Aggregation

{fiE :Personalized Bayesian federated learning (PBFL) handles non-i.i.d. client data and
quantifies uncertainty by combining personalization with Bayesian inference. However,
existing PBFL methods face two limitations: restrictive parametric assumptions in client
posterior inference and naive parameter averaging for server aggregation. To overcome these
issues, we propose FedWBA, a novel PBFL method that enhances both local inference and
global aggregation. At the client level, we use particle-based variational inference for
nonparametric posterior representation. At the server level, we introduce particle-based
Wasserstein barycenter aggregation, offering a more geometrically meaningful approach.
Theoretically, we provide local and global convergence guarantees for FedWBA. Locally, we
prove a KL divergence decrease lower bound per iteration for variational inference
convergence. Globally, we show that the Wasserstein barycenter converges to the true
parameter as the client data size increases. Empirically, experiments show that FedWBA
outperforms baselines in prediction accuracy, uncertainty calibration, and convergence rate,

with ablation studies confirmingits robustness.
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#2H :Low-Rank Optimization Through the Lens of Geometry

{2 :Imposing additional constraints on low-rank optimization has garnered growing
interest recently. However, the geometry of coupled constraints restricts the well-developed
low-rank structure and makes the problem nonsmooth. In this paper, we propose a space-
decoupling framework for optimization problems on bounded-rank matrices with
orthogonally invariant constraints. The "space-decoupling" is reflected in several ways.
Firstly, we show that the tangent cone of coupled constraints is the intersection of the tangent
cones of each constraint. Secondly, we decouple the intertwined bounded-rank and
orthogonally invariant constraints into two spaces, resulting in optimization on a smooth
manifold. Thirdly, we claim that implementing Riemannian algorithms is painless as long as
the geometry of additional constraint is known a prior. In the end, we unveil the equivalence
between the original problem and the reformulated problem. The numerical experiments

validate the effectiveness and efficiency of the proposed framework.
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# H :ARiemannianAccelerated Proximal Gradient Method

fiiZ :Riemannian accelerated gradient methods have been well studied for smooth
optimization, typically treating geodesically convex and geodesically strongly convex cases
separately. However, their extension to nonsmooth problems on manifolds with theoretical
acceleration remains underexplored. To address this issue, we propose a unified Riemannian
accelerated proximal gradient method for problems of the form F (x) = f (x) + h(x) on manifolds,
where f can be either geodesically convex or geodesically strongly convex, and h is p-
retraction-convex, possibly nonsmooth. We rigorously establish accelerated convergence rate

under reasonable conditions. Additionally, we introduce a safeguard mechanism to ensure
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global convergence in non-convex settings. Numerical results validate the theoretical
acceleration of the proposed method. Thisis joint work with Shuailing Feng, Yuhang Jiang, and
ShihuiYing.
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#H :An Asynchronous Proximal Bundle Method for Decentralized Optimization

{2 !In the literature of asynchronous decentralized optimization methods with fixed step-
sizes, mostrequire the step-size to rely on and decrease with an assumed-to-exist upper bound
of all delays, which often causes hard-to-determine and conservative step-sizes since the delay
bound is usually unknown and large. Motivated by this, we extend the effective and robust
centralized proximal bundle method to the decentralized and asynchronous setting, resulting
in an Asynchronous Proximal Bundle Method (APBM) and its stochastic variant. We
theoretically show that under the partial asynchrony and the total asynchrony assumption,
both APBM and the stochastic APBM can converge with fixed step-sizes that are independent of
delays. Moreover, inherited from the centralized proximal bundle method, APBM and the
stochastic ABPM converge fast and are robust in the step-size, which is demonstrated via

numerical experiments on classification problems.
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#1H :SDPDAL: A Decomposition Augmented Lagrangian Method for Low-rank Semidefinite
Programming

{2 :In this talk, we introduce SDPDAL, a decomposition method based on the augmented
Lagrangian framework to solve a broad family of semidefinite programming problems possibly
with nonlinear objective functions, nonsmooth regularization, and general linear
equality/inequality constraints. In particular, the positive semidefinite variable along with a
group of linear constraints can be decomposed into a variable on a smooth manifold. The
nonsmooth regularization and other general linear constraints are handled by the augmented
Lagrangian method. Therefore, each subproblem can be solved by a semismooth Newton
method on a manifold. Theoretically, we show that the first and second-order necessary
optimality conditions for the factorized subproblem are also sufficient for the original
subproblem under certain conditions. Convergence analysis is established for the Riemannian
subproblem and the augmented Lagrangian method. Extensive numerical experiments on
large-scale semidefinite programming problems such as max-cut, nearest correlation
estimation, clustering, and sparse principal component analysis demonstrate the strength of

our proposed method compared to other state-of-the-art methods.
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#1H :Efficient Adaptive Federated Learning Algorithms for Minimax, Compositional and
Bilevel optimizations
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FRBNHR, HXMELERESIAM Review. SIAM J. Opt..IEEE TAC.IEEE TSP FHMBHTI, UK
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INFORMS Computing Society Prize, 20244 SIAM Review SIGESTZ,

#1H :Descent-Net: Learning Descent Directions for Constrained Optimization

{fiZ :Deep learning approaches, known for their ability to model complex relationships
and fast execution, are increasingly being applied to solve large optimization problems.
However, existing methods often face challenges in simultaneously ensuring feasibility and
achieving an optimal objective value. To address this issue, we propose Descent-Net, a neural
network designed to learn an effective descent direction from a feasible solution. By updating
the solution along this learned direction, Descent-Net improves the objective value while
preserving feasibility. Our method demonstrates strong performance on both synthetic

optimization tasks and the real-world AC optimal power flow problem.

4GEMS M KF BhIRHR

TS AENEMIE L (Peng Wang) iR AFERMKRZ AR FRYEBEHR, BETHRRKFERTF
IESHBENRAELERRL, LRV TFEEPXKRE, HIRARETRAELS A TEENZ XA,

A RELMERENZENLHRKNIRER

MERELMNBNRACEMEFERRETZXEAM, BFHEENELENERESE, 9if
RESMEMENHRRREDE—NEFRHEERNESERR, HNAR T RELERNKZENLFSHEL
EET IR RMENEBLASA BEMS, HNESHT RF RESNARZE, HEXNWLEEMIE
WS EMRBFENRRT, BT EMNEREKNIREREFIENE, BRERABRIGRRARES
NEBSZRNBECHKRAER, I—XATATHS —MAENEMRS M AZHRITNELER, &
M#TTHERKE, HRR T ERURELE ML EN KRR, 5 E T RS LMEWRSE — a5 <.

5. 78 FBKE HID

BEAEN FE, B, {0, FREVFIAFREBTIRE, EXEVTFERAFE, DHE G EENERIMM
BRERE (BRRNE) MRVWAREEMRL, TERR—MEE. ZEPOSHBRML EBFEIF WM,

#H:ASingle-Loop Algorithm for Decentralized Bilevel Optimization

{i=E :Bilevel optimization has gained significant attention in recent years due to its broad
applications in machine learning. This paper focuses on bilevel optimization in decentralized
networks and proposes a novel single-loop algorithm for solving decentralized bilevel
optimization with a strongly convex lower-level problem. Our approach is a fully single-loop
method that approximates the hypergradient using only two matrix-vector multiplications per
iteration. Importantly, our algorithm does not require any gradient heterogeneity assumption,
distinguishing it from existing methods for decentralized bilevel optimization and federated
bilevel optimization. Our analysis demonstrates that the proposed algorithm achieves the
best-known convergence rate for bilevel optimization algorithms. We also present
experimental results on hyperparameter optimization problems using both synthetic and

MNIST datasets, which demonstrate the efficiency of our proposed algorithm.
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B XEEMRAAZIFARUKIREFZIECRENA, EERZRTIYIEEE TAC, TSP flAutomatica F
EE2R20 REREN-RRAMIEHRFLE_BNARFERE—FR ONENIRTFESE_RBMNERIHAM
REHMA—SR THERBANFESH L. SFHHE, N)IEBANFESEFME AKIBETEARER
AT “TEHRAXBRZNR ESE T,

1 H :AGradient Guided Diffusion Framework for Chance Constrained Programming

fii® :Chance constrained programming (CCP) is a powerful framework for addressing
optimization problems under uncertainty. In this paper, we introduce a novel Gradient-Guided
Diffusion-based Optimization framework, termed GGDOpt, which tackles CCP through three
key innovations. First, GGDOpt accommodates a broad class of CCP problems without requiring
the knowledge of the exact distribution of uncertainty-relying solely on a set of samples.
Second, to address the nonconvexity of the chance constraints, it reformulates the CCP as a
sampling problem over the product of two distributions: an unknown data distribution
supported on a nonconvex set and a Boltzmann distribution defined by the objective function,
which fully leverages both first- and second-order gradient information. Third, GGDOpt has
theoretical convergence guarantees and provides practical error bounds under mild
assumptions. By progressively injecting noise during the forward diffusion process to
convexify the nonconvex feasible region, GGDOpt enables guided reverse sampling to generate
asymptotically optimal solutions. Experimental results on synthetic datasets and a waveform
design task in wireless communications demonstrate that GGDOpt outperforms existing

methodsin both solution quality and stability with nearly 80% overhead reduction.

2.3 T ERBRKF BIRHIE

BEAEN BRT, EARRARFZIVTIRERRARIMANERR  EMAETEREXREZH, B
BEZMFXREZHRHFTHFZREMRARRHIER=SBEEELEARRA F2021FRFEER/ILKFET
BNMBEFEELZMA, HFF2016F L F EBRBARAFACME, RELTF U MARXBUTEERE.EFFES
HE, MRBIEHENBREZNRR I BXHARERE LRTE Management Science.Operations
Research FEPRINLHEAT, IAKRSTOC.FOCS.SODA.EC.ITCS.WINE FERIHENBESIHEEFFE

AN k. BIKSFINFORMS Auctions and Market Design Michael H. RothkopfEEF &S, UK

APORSEFFEREFIEXR,

# H :Measuring Informativeness Gap of (Mis)Calibrated Predictors

{#Z:In many applications, decision-makers must choose between multiple predictive
models that may all be miscalibrated. Which model (i.e., predictor) is more “useful” in
downstream decision tasks? To answer this, our first contribution introduces the notion of the
informativeness gap between any two predictors, defined as the maximum normalized payoff
advantage one predictor offers over the other across all decision-making tasks. Our framework
strictly generalizes several existing notions: it subsumes U-Calibration [Kleinberg et al., 2023]
and Calibration Decision Loss [Hu and Wu, 2024], which compare a miscalibrated predictor to
its calibrated counterpart, and it recovers Blackwell informativeness [Blackwell, 1951,1953] as
a special case when both predictors are perfectly calibrated. Our second contribution is a dual
characterization of the informativeness gap, which gives rise to a natural informativeness
measure that can be viewed as a relaxed variant of the earth mover’ s distance (EMD) between
two prediction distributions. We show that this measure satisfies natural desiderata: it is
complete and sound, and it can be estimated sample-efficiently in the prediction-only access
setting. Along the way, we also obtain novel combinatorial structural results when applying

this measure to perfectly calibrated predictors.
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# H :Information entropy of complex probability

{#fiE :Probability theory is fundamental for modeling uncertainty, with traditional
probabilities being real and non-negative. Complex probability extends this concept by
allowing complex-valued probabilities, opening new avenues for analysisin various fields. This
paper explores the information-theoretic aspects of complex probability, focusing on its
definition, properties, and applications. We extend Shannon entropy to complex probability
and examine key properties, including maximum entropy, joint entropy, conditional entropy,
equilibration, and cross entropy. These results offer a framework for understanding entropy in
complex probability spaces and have potential applications in fields such as statistical

mechanics and information theory.
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BEAEN ER, EBMEXFECHENRNFZERRABIBR EMALBUEARFEZH, GEHM
WRHEIZITAE (SUTD) NEHELFH5R, §fH Georgios Piliouras #1 loannis Panageas. &} 5l F
FEMBRASE (R, HEAYOMNILRFERET S (University at Buffalo) KSR FELFM, SIFAR
Mohan Ramachandran,

HE BETFRENANEEDNF

HE BRENAIMRERDNEFNRE AEREETEND EMELT0EMR, EPARMERN
T{ERShahshahanifIEAREE“A new mathematical framework for the study of linkage and
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EohH¥ L HELREIHEE, replicator dynamics, FURRBRARE R ENBEER, SAHRE
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BAHBEEFRF . BEBFEHARNE, ERERASNAF  GERERBARNFE ST, EH5H
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RIFREAEFI2I0,

#H :Game Theory Meets Large Language Models: A Systematic Survey

fiiZ:Game theory establishes a fundamental framework for analyzing strategic
interactions among rational decision-makers. The rapid advancement of large language
models (LLMs) has sparked extensive research exploring the intersection of these two fields.
Specifically, game-theoretic methods are being applied to evaluate and enhance LLM
capabilities, while LLMs themselves are reshaping classic game models. This paper presents a
comprehensive survey of the intersection of these fields, exploring a bidirectional relationship
from three perspectives: (1) Establishing standardized game-based benchmarks for evaluating
LLM behavior; (2) Leveraging game-theoretic methods to improve LLM performance through
algorithmic innovations; (3) Characterizing the societal impacts of LLMs through game
modeling. Among these three aspects, we also highlight how the equilibrium analysis for
traditional game models is impacted by LLMs’ advanced language understanding, which in

turn extends the study of game theory.

4.3 A5 REAKXE BIHRS

BEAEN XHE, REAAFERARA S TF2016FEM2021FERMAFREEFFTMNIEFE
TR EERRGMABRTREFHEEENAMBERAUSERFRNEN D HAKE, HXBIERHEEE
BEBIE. SREEMAERTARZPHNH AL REIEEECT AutomaticaRMERFLZREKEXE20R
RATHERBARNFELTE . FFHNEB, IHEBANFE LI, BKE2030EXH B FRE. FE
BIEELHEF BRIFEEUELEFRE,

HE EAERELSYRENA

ME BAEREAIERIAMIRARIHEER X INARFIERE, EAXENRHNIEALEERNER
FHEEHSHNAR, EEBERERYASTTENEFIRAUEENSHREFERREXRAER.
BEERRAORSHE BETRMSHINEERERNEERES KBRS FUREERIEFEERELS

RNMARF, TEFAREANETFAKIEEAXELRA MEHAERECRSERAERELCFIELCEL
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BEAEN AT, AL TUWAERFESRITFERPIBRE, GLES T TENSERESRIE, B
B2 ENBAERT. EPRIBRIAKLSCIHATFI) SYST SOFTWARE, EXPERT SYST APPL, IEEE
INTERNET THINGS.IEEE T IND INFORMEFARXREARILXE20/E, KFRILXSCI5| A EHEBI300%,
ESIEHEIIEXIR EFRERERBARNFEEETFHE. [ REEANFEEE LB . PEFL/FIL
A ANFEREMEBETBCH, (FAMRETSSEREEEATBANERERMLITXIHEE—
T,

#H :ADFCoder: Evolutionary Requirements Comprehension Based on Flowchart Image
with Complex Logic Structure and Domain-specific Requirements

{fiE :Code generation with query texts and code snippets has significantly improved the
effects and capabilities for building code retrieval models based on large language models.
However, the specific domain application poses significant challenges in generating the
complete code instead of code snippets with a substantial amount of logic structures. To
address these challenges, we propose a deep framework ADFCoder for generating code from
flowcharts that incorporate with explicit requirement texts and intricate logical relationships
for a specific domain functionality. ADFCoder is composed of three modules with a flowchart
recognizer, a logic reasoner, and a code generator. Thereinto, a flowchart recognizer supports
automatic parallel processing of graphical elements and requirements recognition in the
flowchart image. And a logic reasoner of flowchart is developed to build a tree of program
structure based on the recognized elements to accurately express the logical structure in the
requirements. Then, the code generator can collaboratively integrate and analyze the
flowchart program structure tree and requirement texts in one flowchart without syntactical
errors, while requirement texts within elements are processed with large language model with
our domain knowledge repository. Furthermore, the dataset, F2C-3B, is established for code
generation tasks in the form of flowcharts as requirements descriptions with classical
mathematical algorithms and the specialized knowledge of aerospace domain algorithms.
ADFCoder achieves an average recognition accuracy of 99% on F2C-3B. In addition, the
performance of code generation has been significantly improved with domain-specific vector
process by large-scale models and retrieval-augmented generation in some series of specific

domain problems.



3 | @ vmanys | juo | ©

-

1.1138 1 REXE BIRE

BEAENT BESRTEREIRK. TERRARAABEESRER, REANZEPNRNS HE, HR
HBABKERITHNEE BRI NETNIEH . BXMRELARE SIAM J. Control. Optimal.J.
Differential Equations.Automatica.Proc. Amer. Math. Soc. F&#E L, THFEER R & BRFEH
Il § 410,

B E BEAERITHNBFRENTEIEHR

HE . AREREEARSAXHSPEEZRAFUNG, TABHEXITHEEN—LEICESR, FiIt
i FHWNEARRETHNAANAGSH#HITREER BSWEMNRFRE (RS HEA), EE8EES R
BTREAERITHANDTEURRE, HREHEBENANE,

2. FI R AmFFKEFE HIm

BEAEN . BRR, BAXKERITSHERZEZERBN, MTES T EERREFRAARESAIS
XX, BiERFERE5ENRE . BHENERENA THEREARNFZFEETFEE T, FAHBE
FEEERERMRIT.EXBARFEESRAEERXRERTHFNE ST UE—/BRFEEICML,
KDD, Neural NetworksEF ATERMASNSHIEARFREXSZ R,

#H :Sampling from Binary Quadratic Distributions via Stochastic Localization

fiiiZE :Sampling from binary quadratic distributions is a fundamental but challenging
problem in discrete optimization and probabilistic inference. Previous work established
theoretical guarantees for stochastic localization (SL) in continuous domains, where MCMC
methods efficiently estimate the required posterior expectations during SL iterations.
However, achieving similar convergence guarantees for discrete MCMC samplers in posterior
estimation presents unique theoretical challenges. In this talk, we present the first application
of SL to general BQDs, proving that after a certain number of iterations, the external field of
posterior distributions constructed by SL tends to infinity almost everywhere, hence satisfy
Poincaré inequalities with probability near to 1, leading to polynomial-time mixing. This
theoretical breakthrough enables efficient sampling from general BQDs, even those that may
not originally possess fast mixing properties. Furthermore, our analysis, covering enormous
discrete MCMC samplers based on Glauber dynamics and Metropolis-Hastings algorithms,
demonstrates the broad applicability of our theoretical framework. Experiments on instances
with quadratic unconstrained binary objectives, including maximum independent set,
maximum cut, and maximum clique problems, demonstrate consistent improvements in

sampling efficiency across different discrete MCMC samplers.
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S AE 7T Zijie Zhou is an Assistant Professor in the Department of Industrial Engineering
& Decision Analytics (IEDA) at the Hong Kong University of Science and Technology (HKUST). He
received his Ph.D. in 2025 from the MIT Operations Research Center (ORC) and the Laboratory
for Information & Decision Systems (LIDS). His research focuses on online optimization,
scheduling, queueing theory, and experiment design, with recent work applying operations
research techniques to enhance LLM inference efficiency. Previously, Zijie was a Research
Intern at Microsoft Research and Microsoft Azure (2024), where he worked on foundational
models for LLM inference. He also interned at Oracle Labs (2023), designing robust booking and
upgrade mechanisms for the hospitality industry.

# B :Efficientand Robust Large Language Model (LLM) Inference Scheduling Optimization

{fiZE:We study the problem of optimizing Large Language Model (LLM) inference
scheduling to minimize total completion time. LLM inference is an online and multi-task
service process and also heavily energy consuming by which a pre-trained LLM processes input
requests and generates output tokens sequentially. Therefore, it is vital to improve its
scheduling efficiency and reduce the power consumption while a great amount of prompt
requests are arriving. There are two key challenges: (i) each request has heterogeneous prefill
and decode lengths. In LLM serving, the prefill length corresponds to the input prompt length,
which determines the initial memory usage in the KV cache. The decode length refers to the
number of output tokens generated sequentially, with each additional token increasing the KV
cache memory usage by one unit. We show that minimizing total completion time is NP-hard
due to theinterplay of batching, placement constraints, precedence relationships, and linearly
increasing memory usage. We then analyze commonly used scheduling strategies in practice,
such as First-Come-First-Serve (FCFS) and Shortest-First (SF), and prove that their competitive
ratios are unbounded. To address this, we propose a novel algorithm based on a new selection
metric that efficiently forms batches over time. We prove that this algorithm achieves a
constant competitive ratio. (ii) the output length, which critically impacts memory usage and
processing time, is unknown. We first design a conservative algorithm, Amax, which schedules
requests based on the upper bound of predicted output lengths to prevent memory overflow.
However, this approach is overly conservative: as prediction accuracy decreases, performance
degrades significantly due to potential overestimation. To overcome this limitation, we
propose Amin, an adaptive algorithm that initially treats the predicted lower bound as the
output length and dynamically refines this estimate during inferencing. We prove that Amin

achieves alog-scale competitive ratio.
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